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coated  laminate,  sacrificial  foil  laminate,  seml-additlve  process,  process 
evaluation. 


Printed  wiring  boards  fabricated  by  semi-additive  processes  from  four 
laminate  types  have  met  foe  requirements  of  MIL- P-13949,  MIL- P-51 10, 
and  selected  tests  of  MIL- P-55640.  Laminate  types  consisted  of  ultra-thin 
copper  with  peelable  carrier,  ultra-thin  copper  with  etchable  carrier, 
sacrificial  foil,  and  adhesively-coated  none  lad. 
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Material  screening  utilized  peel  strength  testing  and  visual  examination  for 
qualification. 

Investigations  of  laminate  surface  condition,  "seeded"  versus  "nonseeded" 
resin,  eloctroless  copper  catalyst  size,  and  variations  In  processing  param¬ 
eters  were  carried  out.  The  processes  developed  Incorporate  normal  sub¬ 
tractive  PWB  fabrication  techniques  to  a  large  extent.  The  methodology  Is 
adaptable  to  the  production  of  all-copper  circuitry  with  solder  coating  by  use 
of  solder  dtp/alr  leveling  equipment. 

This  technique  lends  Itself  to  permanent  solder  mask  use.  Results  Indicate 
Intrinsic  benefits  related  to  design,  reliability,  and  environmental  pollution 
control. 

A  cost/value  analysis  Indicates  that  PWBs  fabricated  from  ultra-thin  copper 
with  peelable  carrier  results  In  an  estimated  9-percent  reduction  In  labor 
costs.  A  similar  cost  savings  Is  realized  in  PWBe  produced  by  semt- 
addldve  techniques. 

Verification  of  the  processes  for  PWB  fabrication  using  ultra-thin  copper- 
dad  material  was  accomplished  In  a  pilot  production  line  environment. 

PWBs  fabricated  In  this  line  were  positively  tested  and  qualified  to  the 
requirements  of  MIL- P-55 110. 

A  design  package  of  an  automated  production  line  was  assembled  and  deliver¬ 
ed  to  M1RADCOM.  A  16-mm  motion  picture  of  15  minute  duration  (color  and 
sound)  was  prepared  and  delivered  to  MIRAIX  OM.  At  the  conclusion  of  the 
program,  a  2 -day  debriefing  session  was  held  at  Hughes -Fullerton.  The 
data  and  results  obtained  In  this  program  were  passed  on  to  the  attendees 
and  Included  all  the  Information  In  this  final  report. 
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PREFACE 


This  final  report  documents  the  results  obtained  during  the 
MM&T  Program  entitled  "Semi- Additive  Processes  for  Fabrication 
of  Printed  Wiring  Boards."  This  report  was  prepared  by  the  Hughes 
Aircraft  Company,  Fullerton,  California,  under  contract 
DAAK01-76-C-1100. 

The  effort  was  sponsored  by  U.S.  Army  Missile  Research 
and  Development  Command  (MIRA DCOM). 

The  principal  Hughes  contributors  were  Jack  Quintana,  Pro¬ 
ject  Manager,  T.  Weismuller,  B.  Havens,  J.  Semar  and  J.  Hamilton. 
The  work  covered  by  this  report  was  performed  between  1  July  1976 
and  31  December  1978. 
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Summary 


C  Four  Epoxy-Glass  Laminate  Types  Were 

1 

Evaluated  for  Conformance  to 

Military  Specifications 

SUMMARY  OF  PHASE  1  TASKS 

•  Development  of  Background  Information 

-  Literature  search 
Military/industry  survey 

•  Materials  Assessment  and  Selection  of  Candidate  Laminates 

-  Material  procurement 

-  Test  pattern  generation  and  fabncation 

-  Material  selection  and  testing 

•  Process  Evaluation  and  Optimization 

-  Surface  preparation  definition 
•  Electroless  copper  evaluation 

-  Peel  strength  tests 
■  Documentation  of  processes 

-  Qualification  of  processes 

Projected  Cost/Value  Analysis 

-  Material  and  labor  costs 

-  Comparison  with  subtractive  process 


Phase  I  was  divided  Into  four  major  work  tasks.  Primary  effort  within  the 
first  task  was  a  literature  search  for  piiollshed  articles  and  reports  on  semi* 
additive  and  ultra-thin  copper  laminate  printed  wiring  board  methodology.  The 
purpose  of  this  task  was  to  assure  coverage  of  processes,  materials,  and  other 
ancillary  information  relating  to  the  program  to  eliminate  duplication  of  effort. 

The  next  task  was  devoted  to  the  assessment  and  selection  of  candidate 
materials.  A  literature  review  and  survey  of  lamlnators  Indicated  that  the  ma¬ 
terials  fall  Into  two  categories:  ultra-thin  copper-clad  and  unclad  seml-addltlve 
type  laminates.  Test  panels  were  fabricated  from  each  of  the  candidate  materials 
and  subjected  to  p re-sc reenlng  tests  including  visual,  warp  and  twist,  peel 
strength,  and  plating  adhesion.  From  the  results  of  these  tests,  four  material 
types  were  chosen  for  the  next  task.  In  this  task,  process  sequences  were  pre¬ 
pared  for  fabricating  test  panels  using  the  four  candidate  material  types.  A 
Hughes-modified  IPC  test  pattern  was  used  to  produce  the  Image  on  the  test  panels 
to  provide  coupons  for  qualification  testing  of  the  va;ious  material  types.  Peel 
strength  tests  were  ueed  as  an  Important  criteria  in  the  qualification  of  an  opti¬ 
mum  process.  The  surfaces  of  the  unclad  laminates  were  examined  using  a 
scanning  electron  microscope  after  various  surface  preparations  to  correlate  the 
surface  finish  with  peel  strength.  Finally,  the  optimised  processes  were  docu¬ 
mented  for  each  of  the  four  material  types,  and  each  process  was  then  qualified 
by  testing  four  panels  of  each  type  to  the  requirements  of  MIL-P-551 10. 

In  the  last  task,  data  was  obtained  relative  to  the  cost  of  fabricating  PWBe 
using  the  best  of  the  developed  materials  and  processes.  In  addition,  a  prelimi¬ 
nary  cuflt  analysis  of  the  fabrication  process  was  performed  for  one  of  the  ultra- 
thin  copper-clad  and  one  of  the  unclad  laminates. 


Summary 


^  Pilot  Production  Line  Was  Established  and 

• 

Qualified  for  Production  of  Ultra-Thin  j 

HUGHES 

Copper-Clad  PWBs 

■uewM  •«!  •••  •  •  ITIm 

eeowoe  nmei  eeow» 

'ittU'o*  (tflots  a 

SUMMARY  OF  PHASE  II  TASKS 

•  Optimization  and  Verification  of  Selected  Process 

-  Fabricate  PWBs 

-  Assure  routine  productbility 

Test  PWBs  to  military  specifications 

•  Design.  Establishment  and  Qualification  of  Pilot  Production  Line 

Routinely  produce  PWBs 
Qualify  PWBs  to  MIL-P-55  1 10 
Produce  motion  picture  of  process 

•  Design  of  Automated  Production  Facility 
Equipment  specifications  and  layout 
Flow  chart  for  PWB  fabrication 

Two-Day  Industry  /Government  Debriefing  Session 

Final  Report 


A  major  task  In  Phase  n  of  this  program  was  devoted  to  the  optimization 
and  verification  of  the  processes  for  PWB  fabrication  using  ultra-thin  copper-clad 
material.  This  was  accomplished  In  a  pilot  production  facility  established  and 
qualified  for  this  purpose.  PWBs  were  produced  In  this  line  and  routinely  tested 
to  the  requirements  of  MIL-P-55110.  Five  sets  of  PWBs  fabricated  In  this  pilot 
line  were  delivered  to  MIRADCOM  for  their  evaluation  along  with  a  15-minute 
16-mm  color/ sound  motion  picture  of  the  pilot  line  operation.  An  additional  task 
in  Phase  n  was  the  design  and  documentation  of  an  automated  production  line  for 
the  production  of  PWBs  using  this  technology*.  This  Included  a  process  flow  chart, 
equipment  specifications  and  layout,  which  were  packaged  Into  handbook  form  for 
delivery  to  MIRADCOM. 

At  the  conclusion  of  the  program,  a  two-day  Industry/ government  debrief¬ 
ing  session  was  held  at  Hughes -Fullerton.  The  data  and  results  obtained  In  this 
program  were  passed  on  to  the  attendees. 
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Summary 


PWBs  Produced  From  Semi- Additive  and 
Ultra-Thin  Copper -Clad  Laminates  Meet 
Requirements  of  MIL-P-55110 


RfcSUi  TS  AND  CONCLUSIONS 


e  PWBs  fabricated  in  pilot  production  line  from  the  four  materials  qualify  to 
M1L-P-55 1 10 


•  Adhesive-coated  PWBs  must  be  treated  in  FC/TMC  to  pass  IR  tests  after 
exposure  to  humidity 


No  “resin  bleed  through"  or  drill  burr  problems 


•  50  A  catalyst  high-rate  electroless  copper  system  provides  good  peel  strength 

•  Production  of  “ail-copper”  type  PWBs  resulted  tn  labor  savings  of  7  to 

"All-copper”  circuits  were  successfully  solder-coated  using  SC  L 


PWBs  with  solder  mask  were  solder-coated  successfully  using  SCI. 


•  Laminate  material  costs  relative  to  standard  I  oz/ft- 


Higher  for  ultra-thin  copper  and  adhesive-coated 


l  ower  for  sacrificial  foil 


Ultra-thin  copper-clad  processes  can  be  implemented  into  subtractive  lines 


PWBs  fabricated  using  ultra-Chin  copper-clad,  adhesive-coated,  and  sac¬ 
rificial  foil  laminate  materials  qualified  to  MIL-P-55110.  A  pilot  production  line 
was  established  for  the  routine  fabrication  and  qualification  of  PWBs  using  the 
ultra-thin  copper-clad  material.  There  was  no  "resin  bleed  through"  or  drill 
bur  problems  on  either  type  of  ultra-thin  copper-clad  laminate  material  (peelable 
or  etchable  carrier).  The  ultra-thin  copper-clad  process  can  be  implemented 
into  a  standard  subtractive  line  with  minimal  conversion  costs. 

A  high-rate  electroless  copper  system  employing  a  50A  catalyst  solution 
was  successfully  used  to  produce  PWBs  in  a  pilot  production  environment.  A 
minimum  thickness  of  70  microinches  of  electroless  copper  was  sufficient  to  elim¬ 
inate  the  need  for  panel  plating.  This  system  also  provided  good  peel  strength 
qualities  of  the  deposited  copper  on  both  types  of  unclad  laminates  (the  adhesive- 
coated  and  the  sacrificial  foil). 

Using  the  modified  processes  described  herein,  "all-copper"  PWBs  were 
produced  by  both  the  ultra -thin  copper-clad  and  semi-additive  processes.  These 
PWBs  were  successfully  solder-coated  using  solder  coater/air  leveling  equipment 
(SCL)  thus  eliminating  conventional  tln/lead  plating  and  fusing  operations.  High- 
density  circuits  were  also  produced  using  the  modified  processes.  They  were 
coated  with  a  permanent  solder  mask,  and  then  the  terminal  areas  and  PTHs  were 
solder  coated  using  the  SCL  process.  The  use  of  these  processes  on  the  all¬ 
copper  PWBs  resulted  in  a  projected  labor  cost  savings  of  7  to  9  percent.  Mater¬ 
ial  cost 8  were  based  on  modest  quantity  lot  sizes,  and  compared  with  standard 
MIL-P-13949/4  laminates.  The  ultra-thin  copper-clad  materials  were  14  to  16 
percent  higher  than  the  standard  1  oz/ft2  material  while  the  cost  of  adhesive- 
coated  laminates  was  9  percent  higher.  In  contrast,  the  sacrificial  foil  laminates 
were  priced  7  percent  lower  than  the  standard. 


SECTION  1 

BACKGROUND  AND  OBJECTIVES 


1.  The  Need  for  New  PWB  Production  Techniques 

2.  Objectives  of  the  Manufacturing  Methods  and 

Technology  Program . 
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Section  1  —  Background  and  Objectives 


1.  THE  NEED  FOR  NEW  PWB  PRODUCTION  TECHNIQUES 


The  methodologies  presently  being  used  for  PWB  fabrication  need  Improvements  or 
changes  In  order  to  satisfy  the  requirements  for  higher  density  circuitry.  The 
development  of  ultra-thin  copper-clad,  and  semi-additive  technologies  meet  this 
requirement. 

Printed  wiring  board  (PWB)  technology.  In  use  for  the  fabrication  of 
military  electronic  equipment  for  more  than  a  quarter  of  a  century,  Is  based  on 
the  subtractive  process  wherein  a  resist  linage  of  the  circuits  Is  applied  to  a 
metal-clad  dielectric  laminate  and  the  excess  metal  etched  away.  A  modifica¬ 
tion  and  improvement  of  this  process  utilizing  pattern  plating  techniques  evolved 
with  the  development  of  reliable  photoresist  systems  resistant  to  the  effects  of 
plating  chemicals.  This  allowed  the  PWB  fabricator  to  electroplate  the  copper 
and  tin-lead  deposits  only  in  the  PTHs  and  circuitry  patterns.  Once  plated,  the 
resist  Is  removed  and  the  unwanted  copper  foil  is  etched  away.  The  tin-lead 
plating  acts  as  an  etch  resist  thereby  preventing  the  copper  in  the  PTHs  and 
circuitry  patterns  from  being  etched  away.  By  using  this  pattern  plate  and  etch 
technique  with  thin  copper  foil  laminates*,  the  reduction  in  circuit  line  widths 
Is  much  less  than  those  produced  u«tng  the  standard  subtractive  process.  This 
Is  due  to  the  fact  that  only  the  foil  thickness  must  be  etched  away  when  using  the 
pattern  plate  process  whereas  the  foil  plus  the  copper  plating  thickness  must  be 
removed  when  using  the  subtractive  process.  Therefore,  current  processes 
have  been  refined  so  that  reliable,  hlgh-denslty  PWBs  can  lx*  produced  In  quan¬ 
tity  with  0.010-lnch  lines  and  spaces. 

However,  recent  trends  requiring  lightweight,  compact  electronic  ~vs- 
tems  has  led  to  increase  i  miniaturization.  To  achieve  the  required  high-density 
electrical  packaging,  PWB  designs  must  Incorporate  conductor  widths  and  spac- 
lngs  less  than  the  presently  allowed  0.010-lnch  minimum.  Therefore  a  need 
exists  to  develop  the  materials  ami  processes  capable  of  producing  PW”Bs  with 
0. 005-lnch  lines  aixl  spaces.  Materials  such  as  the  5-micron  ultra-thin  copper- 
clad  laminates,  adhesive-coated  and  sacrificial  foil  unclad  laminates  arc  candi¬ 
dates  for  this  evaluation. 

This  MM&T  program  was  conducted  in  order  to  answer  the  following 

needs: 

e  Other  methodologies  for  production  of  hlgh-denslty  PWBs  (0.005-inch 
Unes/spaccs) 

•  Materials  meeting  MIL-SPEC  requirements 

•  Processes  capable  of  producing  PWBs  acceptable  to  the  military 

•  Processes  easily  lmplementable  Into  standard  subtractive  production 
lines. 


2 

•0.5  oz/ft  Is  the  minimum  thickness  of  copper  foil  allowed  by  military 
specifications  at  this  writing. 
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2.  OBJECTIVE  OF  THE.  MANUFACTURING  METHODS  AND  TECHNOLOGY  PROGRAM 


The  program  was  devoted  to  the  assessment,  selection  and  qualification  of  materials 
anil  processes  suitable  for  fabricating  printed  wiring  boards  (PWBs)  using  semi- 
additive  anti  ultra-thin,  copper-clad  technologies.  The  resultant  PWBs  fabricated 
with  these  materials  and  processes  must  qualify  to  the  requirements  of  MIL-P-55110. 

Hughes  Aircraft  Company,  Ground  Systems  Group,  Fullerton,  California, 
was  awarded  a  contract  for  a  Manufacturing  Methods  and  Technology  Program  on 
Semi-Aiklitlve  Processes  for  the  Fabrication  of  Printed  Wiring  Boards.  The  con¬ 
tract  began  1  July  197t>  and  consisted  of  two  major  phases  as  summarized  in 
Table  1. 

Phase  1  (is  months)  was  a  developmental  effort  devoted  to  the  assessment, 
selection,  and  qualification  of  materials  and  processes  suitable  for  fabricating 
printed  wiring  boards  using  the  sc  ml- additive  and  ultra-thin  copper-clad  proc¬ 
esses.  The  PWBs  produced  by  these  prototype  processes  were  to  result  in  a  mil¬ 
itarily  acceptable  end-product  (meeting  requirements  of  M1L-STD-275  and  MIL- 
P-55110).  The  boards  were  to  have  high  reliability,  good  produclbllity,  and 
were  to  be  lower  in  cost  than  the  subtractive  process.  The  technology  also  was 
to  be  readily  adapt'd  to  current  PWB  production  systems  with  minimal  conver¬ 
sion  costs. 

In  Phase  II  (12  months),  the  objective  was  to  establish  a  pilot  production 
line  using  the  optimized  process  developed  in  Phase  I.  The  pilot  production  line 
was  to  be  used  to  fabricate  quantities  of  PWBs  in  order  to  qualify  the  process  ami 
the  line.  In  addition,  an  automated  facility  for  PWB  fabrication  was  to  lx*  designed 
and  delivered  to  MIHAIX'OM.  Finally,  a  government  industry  debriefing  session 
was  to  be  held  wherein  the  results  of  this  program  would  be  disseminated  to 
government  and  industry  representatives  at  a  two-day  session.  A  15- minute 
1 6- mm  color  and  sound  movie  was  to  be  made  depicting  the  processes  used  for 
the  deve loped  PWB  processes. 

TABLE  1.  SEMI-ADDITIVE  P1«X. RAM  OBJEC  TIVES 

Phase  I 

•  Material  assessment  and  selection 

•  Process  evaluation  and  development 

•  Cost/value  analysis 

Phase  H 

•  Process  optimization 

•  Design,  establish  and  qualify  a  pilot  production  line 

•  Fabrication  of  PWBs  and  qualification  to  MIL-Specs 

•  Automated  production  line  design 

•  16mm-motlon  picture  in  color  and  sound  depicting  processes 

•  Two-dav  Industry /government  demonstration 
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PHASE  I  -  DEVELOPMENT  EFFORT 
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1.  Overview  of  Materials  Assessed . 16 
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Section  2  -  Phase  1  -  Development  Effort 


1.  OVERVIEW  OF  PHASE  I  EFFORT 


At  the  conclusion  of  the  Phase  I  effort,  four  material  types  of  PWB  laminates  were 
found  suitable  for  military  specifications:  two  types  of  ultra-thin  copper-clad  lami¬ 
nates  (peelable  and  etchablc  carrier);  and  two  types  of  unclad  laminates  (adhesive 
coated  and  sacrificial  foil). 

Phase  1  was  divided  InSo  five  tasks;  coordination  meetings;  development 
of  background  information;  materials  assessment  and  selection;  process 
evaluation  and  development  of  optimized  process;  projected  cost/value  analysis; 
and  documentation.  Figure  1  illustrates  the  relation  between  tasks. 

Five  coordination  meetings  between  Hughes  and  MIRADCOM  were  held 
during  the  Phase  I  portion  of  the  program.  The  purpose  of  these  meetings  was 
two-fold:  to  assure  that  all  technical  milestones  of  the  program  are  understood 
by  both  parties  and  to  establish  an  immediate  pcrson-to-pcrson  technical 
relationship  between  Hughes  and  MIRADCOM  personnel  to  cnsun  maximum 
communication  during  the  program. 

Primary  effort  within  Task  2  was  a  literature  search  for  published 
articles  and  reports  on  semi-additive  ami  ultra-thin  copper  laminate  printed 
wiring  bnurd  methodology.  The  purpose  of  this  task  was  to  assure  coverage  of 
processes,  materials,  and  other  ancillary  information  that  would  relate  to  the 
program  and  el  i  ml  mite  duplication  of  effort.  Sources  utilized  In  acquiring  the 
bibliographic  material  included  the  Defense  Documentation  Center-Report 
Bibliography,  National  Technical  Information  Service,  Engineering  Index, 

National  Aeronautics  ami  Space  Administration,  Institute  of  Printed  Circuits, 
California  Circuits  Association,  Aerospace  Industries  Association,  Flectronir 
Industries  Association.  As  a  result,  107  bibliographic  references  (spanning  the 
years  from  1968  to  present)  were  acquired  ami  reviewed.  These  are  listed  In 
Appendix  A-l. 

Task  3  was  devoted  to  the  assessment  ami  selection  of  candidate  materials 
for  uac  in  this  program.  A  review  of  the  literature  and  a  survey  of  lamina  tors 
revealed  that  the  materials  fell  Into  two  categories:  the  uP.ra-thln  copper-clad 
and  the  unclad  scrai-additivc  type  laminates.  Test  panels  were  fabricated  from 
each  of  the  candidate  material  types  chosen  and  subjected  to  pre-screening  testa 
including  visual,  warp  and  twist,  peel  strength,  and  plating  adhesion.  From  the 
results  of  the  pre-screening  testa,  four  material  types  were  chosen  for  Task  4  — 
process  evaluation  and  optimization. 

In  Task  4,  process  sequences  were  prepared  for  fabricating  test  panels 
using  the  four  candidate  material  types.  A  Hughes -modi fled  IPC  test  pattern 
was  used  to  produce  the  image  on  the  test  panels.  This  provided  sufficient 
coupons  for  the  qualification  testing  of  the  various  material  types.  Peel  strength 
tests  were  used  as  an  Important  criteria  In  the  qualification  of  an  optimum  pro¬ 
cess.  The  surfaces  of  the  unclad  laminates  were  examined  using  the  scanning 
electron  microscope  (SEM >  after  various  surface  preparations  to  correlate  the 
surface  finish  with  peel  strength.  Finally,  the  optimized  processes  were  docu¬ 
mented  for  each  of  the  four  material  types,  and  each  process  was  then  qualified 
by  testing  four  panels  of  each  type  to  the  requirements  of  MIL-P-651 10. 

In  Task  6,  data  was  obtained  relative  to  the  coet  of  fhbricatli^  PWBs  using 
the  beet  of  the  developed  materials  and  processes.  The  basic  cost  of  the  laminate 
materials  based  on  quantities  up  to  200, 000  square  feet  was  obtained  from  five 
vendors.  In  addition,  a  preliminary  cost  analysis  of  the  fabrication  process  was 
performed  employing  one  of  the  ultra-thin  copper-clad  and  one  of  the  unclad 
laminates. 
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The  documentation  task  consisted  of  17  monthly  letter  reports  to 
MIRADCOM  detailing  technical  achievements,  problems  encountered,  methods 
Investigated  In  solving  the  problems,  and  a  labor/financial  status. 

In  addition,  an  interim  report  was  prepared  at  the  conclusion  of  the 
Phase  l  effort  for  the  period  of  1  July  1976  to  31  December  1977  (Report 
DAAK40-76-C- 1 100). 


PHASE  I  OmHMiNATlON  OF  OPTIMUM  PROCESS(ES) 


TASK  J 

COOROINAT  ION 
Mci  tings 


•  POST  AW  AMD  CONI  I  HENCE.  AT 
tVHHADCOl* 

MILESTONE  PHESENTATION 

•  START  op  PROGRAM  AFTER 
MiRADCOM  CONCURRENCE 

•  QUARTERLY  MEETINGS 


TASK  2 

OCVCLOPMf  NT  O* 
BACKGROUND 
i N 9  OHMATION 


•  LITERATURE  SEARCH 

•  MHTIARV  INDUSTRY 
SURVEY 

•  other  governmental 

GROUPS 


TASK  J 

materials  assessment 
AND  SELECTION  OF  CAN 
CHOATE  MATERIAL 


•  MATERIAL  PROCUREMENT 

•  material  testing 

MIL  A|  Jf4S 
•  PC  am  SSI 

•  TEST  PATTERN  (PWB) 
GENERATION 

•  material  processibilitv 

-  4  TEST  NR 

•  CANOiOATE  MATERIAL 
SELECTION 

-  TEST  OATA  ANALYSIS 
COST  evaluation 


TASK  4 

PROCESS  EVALUATION  A  NO 
DEVELOPMENT  OF  OPTiMi/CO 
PROCESS(ES) 


•  SURFACE  PREPARATION 

SOLUT  lONS/MC  T  MOD 

—  SEM 

-  PEEL  STRENGTH 
t  VALUATIONS 

•  burr  removal 

RESOLUTION 

•  etchant  /etching  PROCESS 
development 

•  DOCUMENTATION  OF  DEFINED 
OPTIMUM  PROCE SS(ES) 

•  qualification 

~  S  TEST  INN  lit 

TEST  TO  MIL-P-SSI  10 


TASK  S 

PROJECTED  COST / 
VALUE  and  analysis 


•  BASED  ON  PROTOT  vPf 

•  FACTORS  ASSESSEO 

COST 

•  L.AMHNATC 

•  CHEMICAL 

•  POWER  USE 

•  quality 

•  LABOR 


TASK  4 
PHASE  I 


DOCUMENTATION 


•  monthly  reports 

•  PERFORMANCE  and 
COST  REPORTS 

•  PHASE  I  REPORT 


Figure  1.  Flow  of  Major  Task  Activities  for  Phase  I.  The  major  evaluations 
in  this  program  were  performed  in  Tasks  3  and  4. 


Section  2  -  Phase  l  -  Development  Efforts 
Subsection  A  -  Task  3  -  Materials  Assessment  and 
Selection  of  Candidate  Material 

1.  OVERVIEW  OF  MATERIALS  ASSESSED 


Two  major  types  of  epoxy-glass  materials  were  evaluated  in  this  program.  These 
were  the  ultra-thin  copper-clad  laminates  and  the  unclad  additive-type  laminates. 

A  review  of  the  literature  and  a  survey  of  laminators  revealed  that  eight 
laminate  types  (epoxy-glass)  existed  that  could  be  evaluated  for  this  program. 

The  materials  fell  into  two  major  categories:  ultra-thin  copper-clad  and  unclad 
additive  laminates.  Currently,  there  are  no  approved  specifications  covering 
these  materials. 

Ultra-Thin  Copper-Clad  Laminates—  Two  type*  of  ultra-thin  copper-clad 
materiaT,  peelable  and  etchublc,  were  available  for  evaluation.  Both  have  an 
ultra-thin  copper  foil  (1/8  oz/ft2  or  5-micron  copper  thickness)  overlaid  or 
covered  with  a  protective  carrier  metal.  (See  Figure  2.) 

The  peelable  ultra-thin  copper  laminate  has  a  1-1/2  to  2-o z/ft^  carrier 
copper  foil  applied  to  the  ultra-thin  copper.  The  carrier  is  attached  by  a  proprie¬ 
tary  process  to  the  ultra-thin  copper  to  effect  a  weak  peelable  bond.  The 
peelable  copper  layer  prevents  oxidation,  eliminates  drill  burring,  and  protects 
the  thin  copper  from  dents  and  scratches  through  the  processing  operations. 

After  drilling  and  prior  to  electroless  copper  plating,  the  carrier  foil  Is 
removed  to  expose  the  bright,  clean  surface  of  the  thinner  topper  cladding  and 
Is  processed  immediately  without  need  of  prior  deburrlng  or  cleaning  steps. 

The  copper  carrier  is  salvageable. 

The  etchable  ultra-thin  copper  laminate  has  a  thin  aluminum  carrier 
attached  to  the  copper  to  protect  the  copper  surface.  After  drilling  and  prior  to 
the  processing  for  electroless  copper  plullng,  the  aluminum  surface  is 
chemically  removed  to  achieve  the  same  benefits  as  those  oi  the  peelable  type. 

Unclad  Laminates  —  The  unclad  laminates  available  for  evaluation  of 
semi-additive  PWB  construction  are  of  three  types:  swell -and-etch,  sacrificial 
foil,  and  adhesively  coated. 

One  potential  additive  material  of  the  swell-and-etch  type  is  a  bare 
epoxy-glass  laminate  with  resln-rlch  surfaces.  To  ensure  adequate  electroless 
copper  adhesion  to  the  laminate,  the  epoxy  "buttercoat"  surface  is  exposed  to 
an  organic  solvent  (to  cause  softening  and  swelling  of  the  resin)  followed  by  a 
chromic -sulfuric  acid  treatment  to  condition  the  surface  for  electroless  copper 
deposition.  As  discussed  In  the  following  topic,  the  swell-and-etch  type  was  not 
evaluated. 

Sacrificial  foil  material  is  an  epoxy-glass  laminate  clad  with  anodized 
aluminum  foil  with  the  anodized  surface  bonded  directly  to  the  epoxy  resin 
surface.  After  drilling  and  prior  to  electroless  copper  application,  the 
aluminum  foil  Is  etched  away  leaving  a  replica  of  the  anodized  surface  finish  In 
the  epoxy.  The  result  Is  a  highly  textured  surface  that  provides  bonding  sites 
for  mechanical  attachment  of  the  electrolessly  deposited  copper. 

The  adhesive-coated  epoxy-glass  laminate  is  coated  on  both  sides  with 
a  proprietary  adhesive  coating.  After  drilling  and  prior  to  electroless  copper 
plating,  the  adhesive  must  be  conditioned  using  chromic-sulfuric  acid  followed 
by  neutralization  in  sodium  metabisulfide  solution. 

The  three  additive  laminate  types  previously  described  can  be  obtained 
either  in  the  seeded  or  the  non  seeded  condition.  Seeding  consists  of  dispersing 
an  electroless  copper  catalyst  uniformly  into  the  polymeric  resin  prior  to  the 
lamination  process.  A  catalyst  Is  also  Instituted  In  any  adhesive  coating  used 
in  the  seeded  type.  Preliminary  evaluation  of  seeded  laminates  resulted  in 
rejection  of  this  material  type  for  this  program  because  of  low  tnsulation 
resistance  measurements  before  and  after  humidity.  In  addition,  material 
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variability  between  suppliers  was  found  and  therefore  the  seeded  laminates 
were  dropped  from  the  program. 

Although  MIL- P-13949  and  MIL-P-55617  specifications  have  applicability 
to  the  qualification  of  materials  for  this  program,  there  are  no  military  docu¬ 
ments  specifically  for  the  additive  or  ultra-thin  copper-clad  laminates.  IPC- 
AM-361  is  a  proposed  commercial  specification  for  additive  laminates,  but  was 
not  utilized  for  this  program. 


Section  2  —  Phase  I  —  Development  Effort 
Subsection  A  —  Task  3  -  Material  Assessment  and  Selection  of 
Candidate  Materials 

2.  PROCUREMENT  OF  TEST  MATERIALS 


A  vendor  survey  produced  nine  sources  for  the  needed  materials.  Approximately 
fifty  panels  of  each  available  material  type  were  proourred  for  evaluation. 

Effort  began  with  a  review  of  the  Qualified  Products  List  for  MIL- P-13949. 
Vendors  from  this  list  and  other  known  vendors  were  contacted  with  regard  to 
availability  and  cost  of  additive  and  ultra-thin  copper  type  laminates.  From  these 
contacts  nine  sources  were  found,  each  of  which  Indicated  that  one  or  more  of  the 
material  categories  could  be  supplied  for  this  program. 

It  was  subsequently  discovered  that  the  swell  and  etch  additive  technology 
for  printed  wiring  boards  was  not  being  utilized  by  industry,  and  no  assured  source 
of  this  typo  of  additive  laminate  was  available.  Variability  in  the  surface  produced 
by  chemical  t treatment  often  resulted  in  Inadequate  copper  adhesion  (peel  strength), 
and  made  this  approach  for  fabricating  additive  circuitry  impractlcaL  There¬ 
fore,  this  material  type  was  not  procured  for  the  program.  Additionally,  the 
decision  was  made  earlier  to  drop  the  "seeded"  laminates  from  the  program,  so 
these  materials  were  not  procured  either. 

The  epoxy -glass  laminates  procured  for  evaluation  in  this  program  met 
the  applicable  requirements  for  GF  material  in  specification  MIL-P-13949.  Ap¬ 
proximately  fifty  10x12x0. 062-inch  panels  of  each  material  type  available  was 
procured  for  evaluation  and  testing. 

Table  2  outlines  the  PNB  material  sources,  types  and  preliminary  cost 

data. 
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TABLE  2.  PWB  MATERIAL  SOURCES,  TYPES  AND  COST 


Available  PWB  materials:  price/ft2  (GF  0.062-inch  thick) 


Additive  laminates 

Ultrathin  copper  foil  laminates 

Vendor 

Adhesive 

coated 

Sacrificial 

foil 

Peelable 

Etchable 

A 

$2.51 

$2.90  1 

B 

— 

- 

$3.00 

C 

$3.10 

$3.26 

$3. 75 

D 

- 

- 

$4.08 

— 

E 

- 

$3.95 

$3.95 

$3.95 

F 

- 

- 

$3.45 

$3.37 

G 

- 

$5. 58 

$4.92 

$3.12 

11 

$3.54 

- 

$3.65 

$3.65 

I 

- 

$2.32 

$2.75 

$2.88 

Notes: 

1/  Materials  procured  for  evaluation  in  heavy  outline. 
2/  Prices  are  as  of  2-25-77  for  small  procurements 
(a  100  panels). 
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Section  2  —  Phone  1  —  Development  Effort 

Subsection  A  -  Task  3  -  Materials  Assessment  and  Selection 

of  Candidate  Materials 

3.  FABRICATION  OF  TEST  PANELS 


Test  panels  for  each  vendor/material  combination  were  prepared  according  to  a 
previously  documented  process.  A  modified  I  PC  pattern  was  applied  to  each. 

Before  any  test  panels  could  be  fabricated  for  the  screening  test,  proces¬ 
sing  documents  were  prepared  for  each  of  the  four  material  types  to  be  evaluated 
(adhesive  coated.  Pladd  II,  and  the  two  types  of  ultra-thin  oopper-clad).  This 
was  to  assure  uniformity  In  processing  and  included  the  processes  recommended 
by  the  vendors  for  the  special  treatments  of  the  two  unclad  material  types,  name¬ 
ly,  the  adhesive-coated  laminates  requiring  the  chromic-sulfuric  add/neutralizer, 
and  the  Pladd  II  (sacrificial  foil)  laminates  requiring  the  foil  removal  and  adhesion 
promotion  steps.  These  documents  are  listed  in  Appendix  B-3  and  were  subse¬ 
quently  refined  during  Task  4.  Also  shown  graphically  in  Figure  3  is  a  compari¬ 
son  of  the  semi-additive  and  ultra-thin  copper-clad  processes  with  the  standard 
subtractive  process. 


Figure  3.  Companion  of  Printed  Wiring  Board  Proceuei. 
Mo»t  processing  steps  for  the  semi-additive  and  ultra-thin 
copper-ciad  processes  are  common  to  the  subtractive  proem. 
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Four  panels  (10  x  12  x  0.062  inches)  of  each  vendor/material  combinations 
were  fabricated  using  the  Hughes -modified  IPC  test  pattern  shown  In  Figure  4, 
and  In  accordance  with  the  above  mentioned  procedures. 

A  low  rate  electroless  copper  system  followed  by  a  pyrophosphate  copper 
plating  bath  was  used  to  produce  the  panels  In  this  task  (various  other  electroless 
systems  were  subsequently  evaluated  In  a  later  task).  All  panels  were  plated  with 
a  0. 001 -Inch  minimum  of  copper. 

The  Hughe s -modified  test  pattern  was  chosen  for  use  In  all  the  screening 
tests  In  this  program.  The  resultant  test  panels  fabricated  using  this  test  pattern 
provides: 

e  Five  groups  of  test  tabs  for  peel  strength  determinations  on  each  side 
of  the  panel 

e  Two  IR  patterns  per  panel  side 

e  Four  groups  of  piated-through-holes  (PTHs)  per  panel  side  for  conti¬ 
nuity  tests  and  PTI1  evaluation 

e  One  area  for  volume  resistivity  measurements 

e  One  area  for  solderability  evaluations 
The  test  procedure  In  Appendix  B-l  describes  in  full  detail  the  tests  used  in  this 
program. 


Figure  4.  Modified  IPC  Te*t  Pattern  (Front  Side  Only 
Shown).  Thu  pattern  provided  coupons  for  the 
acceptance  tests. 
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Section  2  —  Phase  1  —  Development  Effort 
Subsection  A  —  t  ask  3  —  Materials  Assessment  and 
Selection  of  Candidate  Materials 

4.  PRELIMINARY  SELECTION  AND  TESTING  OF  CANDIDATE  MATERIALS 


The  screening  tests  performed  during  Task  3  were  visual,  plating  adhesion  (tape 
test),  peel  strength,  and  warp  and  twist.  Based  upon  results  of  the  test  data  from 
a  minimum  of  three  test  panels  for  each  mate  rial /source  type,  four  candidate 
materials  were  chosen  for  process  evaluation  in  Task  4. _ _ 

Hughes-Fullerton,  as  a  member  of  the  IPC  additive  round-robin  test 
team,  has  gained  considerable  experience  in  the  qualification  of  printed  wiring 
boards  manufactured  by  the  additive  and  semi-additive  processes.  It  was  de¬ 
termined  during  the  round-robin  tests  that  peel-strength  values  after  plating, 
solder  float,  thermal  cycling,  and  at  125°C  were  indicative  of  the  quality  of 
the  product.  Values  obtained  could  be  related  to  laminate  surface  preparation, 
plating  qualities,  and  the  presence  or  absence  of  a  plating  post-bake  cycle  dur¬ 
ing  the  processing.  Therefore,  the  screening  tests  performed  during  this  task 
included  the  aforementioned  peel-strength  tests;  plating  adhesion  using  the 
standard  adhesive  tape  test;  and  warp  and  twist  measurements  as  described  in 
the  Test  Plan  (Appendix  B-l). 

The  averaged  results  of  these  tests  are  listed  in  Table  3.  All  four  ma¬ 
terial  types  (the  adhesive  coated,  Pladd  II ,  and  both  types  of  ultra-thin  copper- 
clad  laminates)  passed  the  requirements  of  the  test.  In  addition,  each  of  the 
selected  materials  was  fabricated  into  test  panels  and  subjected  to  additional 
peel-strength  testing  to  ensure  against  latent  failures  on  Task  4  (Process 
Optimization).  The  data  obtained  from  this  extended  effort  (Table  4)  indicated 
there  was  no  apparent  problem  in  meeting  the  peel-strength  requirements  of  the 
applicable  military  specifications  —  MII.-P-13949  and  M1L-P-55617.  The  peel 
strength  of  all  four  material  types  was  greater  than  8.2  lbs/in  after  solder  float 
(military  specification  requires  8.0  minimum);  greater  than  8.  1  lbs/in  after 
temperature  cycling  (military  specification  specifies  8.0  lbs/in  minimum);  and 
greater  than  6.  1  Ibs/in  at  125°C  (military  specification  specifies  5.0  Ibs/in 
minimum). 

It  is  worthy  to  note  at  this  time  that  within  the  group  of  materials  tested, 
the  adhesive-coated  laminate  exhibited  extraordinarily  high  peel-strength  values 
( sr  17  lb/tn)  at  all  test  conditions  except  high  temperature.  A  much  lower  peel- 
strength  resulted  at  the  high  temperature  test  (7.5  lb/in),  but  the  results  were 
still  acceptable  by  military  standards. 

From  these  results,  all  four  material  types  qualified  as  candidate  sys¬ 
tems  for  the  Task  4  effort.  These  are  the  peclable  and  etchable  carrier  ultra- 
thin  copper-clad  laminates,  the  adhesive-coated  anti  the  sacrificial  foil  (Pladd  0) 
unclad  llminate. 


22 


HUGHES  FULLERTON 
Hugh at  Aircraft  Company 
Fullarton.  California 

TABLE  3.  MATERIAL  SCREENING  TEST  RESULTS 


The  results  listed  are  the  average  values  obtained 
from  three  test  panels  from  each  vendor. 


^\^T'csts 

Peel  StrengU 

h  -  lbs/ln 

%  Warp 

Materlal'"'"-^^ 

Type 

Vendor 

As 

Received 

After 

Solder 

Visual 

and 

Twist 

Adhesion 

Ultra-thin  Cu-clad- 

A 

8.2 

8.7 

Good 

3.5 

Accept 

pee  table  carrier 

G 

8.3 

8.8 

Good 

0.7 

Accept 

I 

7.9 

8.2 

Good 

2.0 

Accept 

Ultra-thin  Cu-clad- 

A 

7.2 

7.4 

Good 

1.3 

Accept 

etchable  carrier 

F 

7.8 

6.2 

Good 

3.4 

Accept 

I 

8.9 

10.7 

Good 

1.6 

Accept 

Unclad  laminate  — 

C 

18.1 

20.6 

Good 

2.8 

Accept 

adhesive  coated 

H 

16.7 

17. 1 

Good 

1.9 

Accept 

Unclad  laminate  — 

A 

10.0 

8.7 

Good 

2.3 

Accept 

sacrificial  foil 

I 

10.1 

8.6 

Good 

2.1 

Accept 

TABLE  4.  EXTENDED  PEEL  STRENGTH  RESULTS  OF  CANDIDATE  MATERIALS 


Material  Information 

Determined  Peel  Strength,  lbs/in.  of  Width 

Vendor 

Laminate 

Description 

At 

Room  Temp 

After  Solder 
Float 

At  125°C 
Temperature 

After  Temperatur 
Cycling 

I 

Ultra-thin  copper 
clad,  peelable 
carrier 

7.9 

8.2 

6‘4  *0.3 

8  1  "®*2 

8,1  +0.2 

I 

Ultra-thin  copper 
clad,  etchable 
carrier 

8.9 

10.7 

8  1  ‘1*° 
8,1  +0.5 

8  7  *°-5 

8,7  +0.4 

C 

Unclad  laminate  — 
Adhesive  coated 

18.1 

20.6 

7  fi  "2‘2 

7,5  +3.1 

*»•*  «:! 

A 

Unclad  laminate  — 
Sacrificial  foil 

10.0 

8.7 

6  1  -°*4 
6,1  +0.6 

,o-7  *!:? 

MI L-P- 13949  Requirements 
(Minimum  requirements  for 

1  oz/ft2  copper) 

No 

Requirement 

8.0 

(6.0)* 

5.0 

(5.0) 

8.0 

(6.0) 

All  average  values  based  on  at  least  3  test  results  from  4  individual  test  panels.  All  tests 
performed  from  plated  copper  ■  1  oz/ft2. 


•MIL-P-55617  requirements  in  parentheses. 


Section  2  -  Phase  I  -  Development  Effort 

Subsection  B  -  Task  4  -  Process  Evaluation  and  Optimization 

1.  OVERVIEW  OF  EVALUATION  AND  OPTIMIZATION  OF  PROCESSES 


PWBs  using  ultra-thin  copper-clad  materials  were  fabricated  by  the  standard  sub¬ 
tractive  process  while  unclad  materials  were  processed  per  the  vendors'  recom¬ 
mendations.  After  evaluation,  the  processes  were  optimized  and  test  boards  were 
fabricated  and  tested  for  conformance  to  the  appropriate  military  specifications. 

At  the  beginning  of  the  program,  several  areas  were  anticipated  to  be 
potential  problems.  As  an  example,  the  removal  of  drilled-hole  burrs  was  ex¬ 
pected  to  result  in  an  investigation  of  drill  geometry,  drill  speeds  and  feeds,  and 
drill  backup  boards. 

During  the  past  several  years,  however,  the  Hughes-Fullerton  Manufac¬ 
turing  Division  lias  been  studying  methods  for  eliminating  drill-hole  burrs  in 
copper-clad  materials.  It  was  found  that  overlaying  the  copper-clad  laminate 
with  0. 005-inch-thick  aluminum  foil  prior  to  drilling  would  eliminate  burrs. 

This  technique  was  put  Into  effect  just  as  tin*  MM&T  program  was  awardod,  and 
Its  Incorporation  into  the  program  at  the  outset  resolved  this  potential  problem 
area. 

A  second  area  of  possible  investigation  pertained  to  surface  characteris¬ 
tics  of  additive  laminates.  Peel  strengths  have  been  chosen  as  important  criteria 
in  qualifying  an  optimum  process.  Peel  strength  as  related  to  plating  adhesion 
is  affected  by  the  laminate  surface  condition.  It  was  planned  that  scanning  elec¬ 
tron  microscope  (SEM)  examination  of  surfaces  would  lx*  performed  to  correlate 
visual  surface  appearance  and  adhesion. 

The  question  arises  as  to  how  one  determines  the  adhesion  characteristics 
of  an  ultra-thin  copper-clad  material  when  only  the  copper  laminate  Interface 
characteristics  relate  to  adhesion.  In  its  experience  with  thin-foiled  laminates, 
Hughes- Fullerton  had  demonstrated  that  copper  plating  the  5-micron  copper  to 
a  l-oz/ft^  weight  (0.0014  inch  thick)  permits  an  evaluation  of  peel  strength. 
Accordingly,  the  1-oz/ft2  peel  strength  criteria  of  Mil, -P-13949  atxi  MIL-P-55617 
would  be  applicable.  Other  areas  requiring  investigation  were  discovered,  such 
as  the  effect  of  electroless  coptx'r  catalyst  sl/c  on  the  nature  of  electroless  cop¬ 
per  deposition  and  Its  resulting  peel  strength,  and  the  failure  of  adhesively  coated 
laminates  to  pass  Insulation  resistance  (500  megohms,  minimum)  during  humidity 
exposure. 

After  investigating  and  solving  these  specific  problems,  the  applicable 
processes  for  fabrication  were  optimized.  I' sin g  the  candidate  materials  chosen 
during  Task  3,  five  test  panels  of  each  type  were  fabricated  and  qualified  to  the 
applicable  portions  of  the  military  specifications  (Table  5).  These  military  docu¬ 
ment  s  are  Identified  in  Appendix  A-2.  Testing  was  performed  In  accordance  with 
the  Test  Plan. 
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TABLE  5.  QUALIFICATION  TESTS 


Examination  or  Test 

Applicable 

Specification 

1. 

Visual  examination 

MIL- P-551 10 

2. 

Warp  and  twist 

Warp, 

Twist,  '( 

(None)* 

(None)* 

3. 

Plating  adhesion 

MIL- P-55110 

4. 

Plating  characteristics 

Conductor  thickness.  Inches 

PTH  wall  thickness,  inches 

Ratio  thickness  (Cond:  PTH  wall) 

PTH  cross-section  quality 

(None)* 

MIL-STD-275 

(None)* 

MIL-P-55640 

5. 

Peel  strength,  Ib/in.  of  width 

As  received  (initial) 

After  thermal  stress 

After  thermal  cycling 

At  125°C 

(None)* 

MIL-P- 13949 

MIL- P-13949 

MIL-P- 13949 

6. 

Continuity  (thermal  shock) 

Resistance  variance,  (maximum) 

Post  thermal  shock  appearance 

MIL- P-55110 

MIL- P-55 1 10 

7. 

Dielectric  strength  (30  kV  min) 

Prior  to  humidity  exposure 

After  humidity  exposure 

MIL- P-55 110 

MIL- P-551 10 

8. 

Insulation  resistance,  ohms 

Prior  to  humidity  exposure 

At  5th  cycle 

At  10th  cycle 

MIL-P-55110 

MIL-P-55640 

MIL-P-55640 

9. 

Surface  and  volume  resistivity 

Volume  resistivity  (megohm-CMi 

Surface  resistivity  (Megohm) 

MIL-P- 13949 

MIL-P- 13949 

10. 

Bond  strength 

2000  PSI  tensile  stress  test 

Appearance  after  test 

MIL-P-55110 

MIL- P-551 10 

11. 

Soldo  rab  titty 

MIL-P-55110** 

Visual  Quality 

IPC-S-801 

12. 

Water  absorption,  ^ 

MIL-P- 13949 

•No  military  requirement 

••Requirement  only  If  specified  In  contract  or  P.  O. 


25 


Section  2  -  Phase  I  -  Development  Effort 

Subsection  B  -  Task  4  -  Process  Evaluation  anti  Optimization 
2.  SURFACE  CHARACTERISTICS  OF  LAMINATES 


Examination  by  the  scanning  electron  microscope  (SEM)  Indicated  that  the  ultra-thin 
copper-clad  material  exhibited  a  surface  roughness  comparable  to  that  of  l-oz/ft^ 
copper-clad  material.  Both  unclad  laminates,  after  surface  conditioning,  exhibited 
a  surface  roughness  suitable  for  electroless  copper  bonding. 

Each  of  the  four  laminate  type  materials  was  prepared  for  surface  exam¬ 
ination  using  the  SEM.  The  copper  foil  was  removed  from  the  ultra-thin  copper- 
clad  materials  (peelable  and  etchable  types)  as  well  as  from  a  sample  of  standard 
Mil.- P-13949  1-oz/ft*-  clad  laminate.  The  purpose  of  this  task  was  to  examine 
the  texture  of  the  epoxy  butter  coat  to  determine  the  amount  of  surface  roughness 
on  the  copper  foil  ami  correlate  this  to  the  peel-strength  values  for  both  the  can¬ 
didate  materials  ami  the  l-oz/ft~  material.  Of  the  unclad  laminate  materials, 
the  adhesive-coated  laminate  was  chemically  treated  using  chromic-sulfuric  acid 
solution  ami  neutralized  in  the  sodium  metablsulflte  solution.  The  foil  was  etched 
away  from  the  Pludd  II  tyj>e  material  (sacrificial  foil  typo)  and  the  laminate  proc¬ 
essed  through  the  surface  conditioner  prior  to  the  SEM  examination. 

The  results  of  the  SEM  examination  are  illustrated  in  Figures  5  and  6. 

The  texture  of  the  dielectric  (epoxy)  surfaces  of  MIL- P-1 394 9  standard  1-oz/ft** 
material  can  be  compared  with  the  surfaces  of  the  two  types  of  ultra-thin  copper- 
clad  laminate,  as  well  as  the  adhesive  coated  and  the  sacrificial  foil  laminates. 
The  photographs,  at  500  to  15000  times  magnification,  give  a  partial  understand¬ 
ing  of  the  relative  peel  strength  qualities  obtained  by  the  various  laminate's.  In 
the  case  of  the  copper-clad  laminates.  Figure  5a  and  5b,  the  resulting  peel 
strengths  are  a  product  of  the  "tooth"  or  surface  roughness  of  the  copper-foil 
treatment.  logically,  it  was  believed  the  heavier  weight  foil,  which  sustains  a 
greater  "tooth"  because  of  its  thickness,  would  yield  higher  peel  strength  values. 
Surprisingly,  the  ultrathin  (5-micmn)  copper  laminates  did  meet  MIL-P-13949 
minimum  peel  strength  requirements  (i.e. ,  R  lb/in.  after  solder  float).  Photo¬ 
graphs  of  these  magnified  surfaces  arc  also  shown  in  Figures  5c  through  5f. 

The  adhesively  coated  additive  laminates  produced  surfaces,  after  solution 
treatment,  that  understandably  yielded  extremely  high  peel  strength  (15  lb/ln. 
minimum  after  solder  float).  The  photographs  of  the  magnified  surface  reveal 
random  dispersion  of  small  and  large  crevices  that  are  conductive  to  mechanical¬ 
ly  "locking  in"  of  the  applied  electroless  copper  (Figures  6a  and  6b).  The  sacri¬ 
ficial  aluminum  foil  additive  laminate  system,  on  the  other  hand,  shows  an  en¬ 
tirely  different  surface  structure,  which  Is  finer,  more  uniform,  and  not  as  deep 
in  penetration  (Figures  6c  and  6d).  Perhaps  the  only  reason  that  this  "mud  flat" 
texture  achieves  11  lb/ln.  minimum,  (solder  float)  peel  strengths  Is  due  to  the 
relatively  high  surface  area  -  a  replica  derived  from  the  anodized  surface  of  the 
sacrificial  foil. 

The  results  obtained  from  the  SFM  examination  of  laminate  surfaces  con¬ 
firms  the  reports  of  other  investigators  (9,  38  of  Appendix  A-l),  and  consolidates 
the  observations  for  the  four  dielectrics  in  one  publication. 
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Section  2  -  Phaae  I  -  Development  Effort 

Subsection  11  -  Task  4  -  Process  Evaluation  and  Optimization 

3.  EFFECT  OF  E I.ECTHOLESS  COPPElt  CATALYST  ON  PEEL  STKENGTH 


An  Investigation  was  conducted  to  determine  the  effect  of  electroless  copper  catalyst 
particle  size  on  peel  strengths  of  copper  deposits  on  additive  laminate  materials. 

The  results  showed  that  the  50  A  catalyst/high- rate  electroless  copper  system  oould 
be  used  for  PSS'B  fabrication. 

Both  sacrificial  foil  and  adhesive-coated  additive  laminates  were  usod  in 
this  investigation.  These  dielectrics  were  subjected  to  acid  or  salt  catalyst  solu¬ 
tions  and  then  plated  using  one  of  two  types  of  electroless  copper  systems.  One 
system  Is  operated  at  room  temperature,  and  gives  a  fine-grained  copper  deposit 
at  a  rate  of  30  mlcrolnch  per  30  minutes.  The  other  system,  operated  at  an  ele¬ 
vated  temperature  (100°  -  120°F),  results  In  a  coarse-grained  copper  deposit  at 
a  rate  of  70-100  mlcrolnches  per  30  minutes.  Catalyst  particle  size  was  reported 
by  the  formulators  to  contain  particle  sizes  of  cither  30-50  A  or  3000-5000  A  and 
could  be  categorized  In  that  manner  accordingly. 

Possible  catalyst/electroless  copper  systems  shown  In  Table  6  were  dis¬ 
cusser!  with  suppliers.  Because  of  the  large  number  of  possible  combinations 
and  the  short  time  available  for  the  investigation,  only  five  systems  were  evalu¬ 
ated.  These  systems  were  the  following. 


Catalyst 

•  3000-5000  A,  Shipley  6F,  acid 

•  50  A,  Enthonc  443,  acid 

•  50  A,  MacDermld  9070M,  salt 

•  50  A,  Enthonc  443,  add 

•  50  A,  MacDermld  9070M,  salt 


Electroless  Copper 

Shipley  328S,  low- rate 
Shipley  328S,  low- rate 
Shipley  328S,  low- rate 
Shipley  CP- 74,  high- rate 
Shipley  CP-74,  high-rate 


The  derived  peel  strength  results  of  the  evaluation  given  in  Table  7  arc 
the  averages  for  the  minimum  values  of  12  individual  tests  In  each  case.  Maximum 
values  (not  Indicated  heroin)  were  frequently  4  to  5  lb/ln.  of  width  greater  than 
the  average  minimum  values  reported. 

The  peel  strength  tests  of  the  sarrlflclal  foil  material  showed  Increased 
values  with  the  use  of  the  smaller  50  A  (acid  or  salt)  catalyst  employed  with  either 
electroless  copper  type  system,  l.e, ,  a  low  rate  of  deposition,  fine-grained  cop¬ 
per  or  a  high  rate  of  deposition,  coarse-grained  capper.  The  adhesive-coated 
laminates,  however,  gave  better  pool  strengths  with  a  50  A  (salt)  catalyst/ 
fine-grained  copper  system. 

Based  on  the  fact  that  the  50  A  salt  catalyst  resulted  tn  the  greatest  im¬ 
provement  in  peel  strength  (up  to  707>  and  that  a  high- rate  electroless  copper  was 
required  to  eliminate  any  electrolytic  copper  panel  plating  step,  the  initial  choice 
of  electroless  system  was  a  50  A  salt  catalyst  /high-  rate  combination. 

However,  because  the  test  data  did  not  disclose  appreciable  differences  tn 
the  results  for  50  A  acid  or  salt  catalyst,  and  because  of  the  current  availability' 
of  electroless  copper  baths  within  Hughes-Fullerton,  the  system  used  for  the 
Task  4  evaluation  test  panels  was  a  50  A  acid  catalyst/high- rate  coarse-grained 
copper  system  that  deposited  70  mlcrolnches  (minimum)  within  30  minutes. 
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TABLE  6.  ELECTROLESS  COPPER  AND  CATALYST 
SYSTEMS  SURVEYED 

Electroless  Coppers 

•  1/OW-Hatc  Deposition 

Chemllne  -  Copperdep  400 
Enthone  -  404  and  405 
MacDormld  -  9027S 
Ox>'  Metal  -  Oxytron  CU500 
Shipley  -  328S 

•  High-Hate  Deposition 

Chemllne  -  Copperdep  420 
Enthone  -  10225  ,  02204,  and  0101 5H 
MacDermld  -  9055  and  9048 
Oxy  Metal  -  Oxytron  CU510 
Shipley  -  CP- 74 

Catalyst  Systems 

•  Acid 

Chemllne  -  Adlon  550 
E  nthone  -  443 
MacDermld  -  9070 
Oxy  Metal  -  Oxytron  301 
Shipley  -  6F  and  9K 

•  Salt 

Chemllne  -  Adlon  230 
MacDermld  -  9070M 
Shipley  -  Cataposit  44 


TABLE  7.  PEEL  STRENGTH  RESULTS  OF  ELECTROLESS  COPPER/CATALYST 
EVALUATION  (RESULTS  ARE  IN  LBS/IN.  OF  WIDTH) 


Catalyst 
^XTypf  and 

Acid  3000- 

5000  A 

Acid 

- 1 

50  A 

Salt  50  A 

E  lec  t  roles  s^"\S  1  ic 
Copper  Type  -  . 

I  As  1 

Plated 

After 
Solder  j 

As 

Plated 

1  After1 
Solder] 

After 
Temp  , 

At 

Temp  | 

As 

Plated  j 

After 

Solder 

After 

Temp 

At 

Temp 

Sacrificial  Foil 

low  Rate 
(Fine  Gralm 

10. 10  | 

8.68  j 

14.31 

13.38 

15.41 

7.73 

13.45 

14.81 

14.60 

6.18 

High  Rate 
(Coarse  Grain* 

J 

1 

12.  5« 

13.74 

1 

:  i5.i6 

6.  88 

16. 10  1 

14.89 

15.09 

7.83 

Adhesively  Coated 

low  Rate 

16.52 

16.74 

1 8.  70 

18.53 

20.  07 

1 1 . 63 

19.02 

19.04 

20.69 

11.09 

High  Rate 

- 

- 

13.06 

15.50 

13.18 

8.25 

8.32 

6.46 

- 

6.92 
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Section  2  -  Phase  I  -  Development  Effort 

Subsection  B  -  Task  4  -  Process  Evaluation  and  Optimization 

4.  THE  PROBLEM  OF  INSULATION  RESISTANCE  ON  ADHESIVE-COATED  BOARDS 


PWBa  fabricated  with  the  adhesive-coated,  unclad  material  failed  to  pass  the  insula¬ 
tion  resistance  lest  after  exposure  to  humidity.  This  problem  was  eliminated  by 
d  is  solving  and  removing  the  adhesive  with  a  flourocarbon  methylene  chloride  (FC/ 
TMC)  solvent  as  the  final  step  in  fabrication. 

Hie  effect  of  humidity  on  insulation  resistance  properties  of  adhesive- 
coated  material  was  investigated  after  two  groups  of  test  panels  failed  this  test. 
The  vendor  of  the  adhes  lie -coated  material  believes  that  the  conditioned  adhesive 
layer  present  between  conductors  might  be  entrapping  ionic  contaminants  contrib¬ 
uting  to  the  low  insulation  resistance  values  (<500  megohms).  It  was  suggested 
that  this  adhesive  layer  be  removed  to  improve  the  insulation  resistance  values. 

The  investigation  of  insulation  resistance  improvement  consisted  of  the 
use  of  an  alkaline  permanganate  solution  to  etch  away  the  adhesive  coating  be¬ 
tween  the  circuits,  and  conformally  coating  the  test  panels  with  a  MIL-I-46058 
polyurethane  prior  to  exposure  to  any  humidity'.  It  was  found  that  the  use  of  alka¬ 
line  permanganate  did  not  improve  the  insulation  resistance  of  either  the  solder- 
coated  or  copper  (only)  circuits.  Two  separate  sets  (four  specimens  each)  of 
conformally  coated  test  specimens  resulted  in  acceptable  Insulation  resistance 
values  under  humidity  conditions  performed  In  accordance  with  the  test  procedure 
(refer  to  Appendix  B-l  for  details). 

Because  the  conformally  coated  test  specimens  were  subjected  to  an  ex¬ 
tensive  and  thorough  cleaning  procedure  not  normally  imposed  on  the  conventional 
insulation  resistance  specimens,  it  was  decided  to  check  the  insulation  resistance 
after  the  cleaning  operation  but  without  the  conformal  coating.  These  specimens 
passed  the  Insulation  resistance  tests  during  humidity  exposure.  Indicating  that 
the  cleaning  process,  and  not  the  conformal  coating.  Improved  the  Insulation 
resistance. 

A  second  group  of  test  specimens,  cleaned  and  tested  in  the  same  manner, 
verified  the  prior  results.  The  cleaning  procedure  employed  for  this  investigation 
was  as  follows: 

1.  Immerse  In  FC/TMC  for  3  minutes. 

2.  Air  dry  . 

3.  Immerse  for  30  seconds  in  dionized  water  containing  0.01-0.05  per¬ 
cent  Triton  X-100  wetting  agent. 

4.  Rinse  in  dionized  water  for  30  seconds. 

5.  Rinse  in  second  dionized  water  for  30  seconds. 

6.  Rinse  in  isopropyl  alcohol  for  30  seconds. 

7.  Air  dry. 

Insulation  resistance  values  obtained  are  summarized  in  Table  8. 

From  the  results  of  the  evaluation  it  was  postulated  that  the  FC/TMC  sol¬ 
vent  (liquid  phase)  had  removed  the  exposed  adhesive  coating  between  conductors 
and  thereby  eliminated  a  deleterious  characteristic  of  the  adhesive  which  had  con¬ 
tributed  to  unacceptable  Insulation  resistance  results.  Post-cleaning  microscopic 
examinations  of  the  test  specimens  revealed  the  absence  of  adhesive  between  cir¬ 
cuits  and  thereby  confirmed  the  initial  assumption. 

The  effect  of  the  solvent  on  the  adhesive  became  a  primary  concern. 

Prior  tests  had  been  conducted  evaluating  the  effect  of  FC/TMC  vapors  on  die 
adhesive  surface  of  the  laminate  (as  might  occur  during  a  normal  PW'B  vapor 
cleaning  operation).  The  results,  as  listed  in  Table  9,  indicate  no  harmful  ef¬ 
fects  by  the  FC/TMC  vapors  on  the  adhesive  surface  of  the  PU'Bs. 

However,  it  was  quite  evident  that  FC/TMC  in  the  liquid  state  produced  a 
different  phenomenon.  To  verify  whether  this  aggressive  solvent  would  have  any 
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adverse  effect  on  the  adhesive  under  the  conductors  (thereby  reducing  the  peel 
strength  characteristics),  several  additional  test  specimens  were  fabricated  from 
the  adhesively  coated  material.  Samples  were  cleaned  using  the  liquid  FC/TMC 
solvent  and  were  submitted  for  peel  strength  evaluations.  In  all  cases  the  peel 
strength  was  over  16  lb/loch  of  width,  thus  indicating  that  the  liquid  solvent  treat- 
ment  did  not  adversely  affect  the  peel  strength.  In  addition,  no  degrading  of  the 
soldo  rability  was  detected  through  use  of  the  previously  described  adhesive  re¬ 
moval  process,  which  could  have  redeposited  traces  of  the  adhesive  on  the  tin- 
lead-coated  conductor  surfaces. 


TABLE  8.  INSULATION  RESISTANCE  OF  ADHESIVELY  COATED 
TEST  SPECIMENS  (Not  conformally  coated ) 


When 

Measured 

- 1 

Before  Cleaning 

(ohms) 

After  FC/TMC 
Cleaning  (ohms) 

Prior  to  humidity 

eO 

«e  oe 

oe 

15G 

16G 

18G 

20G 

At  5th  cycle 

short 

5  M  UK 

8  K 

70G 

80G 

30G 

40G 

At  10th  cycle 

i _ 

short  short 

short 

70C. 

L_  — 

90G 

40G 

70G 

TABLE  9.  EFFECT  OF  EXPOSURE  TO  FC/TMC  VAPORS 
ON  ADHESIVELY  COATED  MATERIAL 


Test  Condition 

Number  of 
Exposure  Cycles* 

Average  Weight  Change, 
'I  (6  specimens) 

As  received 

6 

■K).  19 

After  adhesive  conditioning 

6 

-0.  03 

After  adhesive  conditioning. 
Electroless  copper  deposition 
and  etching 

6 

+0.  06 

•30  seconds  in  vapor  +  1-hour  air  dry  +  24  hours  in  desiccator  *=  1  cycle. 
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Section  2  -  Phase  1  -  Development  Effort 

Subsection  B  -  Task  4  -  Process  Evaluation  and  Optimization 

5.  EVALUATION  AND  OPTIMIZATION  OF  PROCESSES 


Five  test  panels  of  each  material  type  were  fabricated  and  subjected  to  the  test  re¬ 
quirements  of  MIL- P-551 10  and  MIL-P-55640.  All  four  material  types  passed  the 
test  requirements. 

The  objective  of  this  task  was  to  fabricate  at  least  five  PWB  lest  panels 
of  each  material  type  using  the  modified  I  PC  test  pattern.  These  PWBs  would 
then  be  subjected  to  the  tests  outlined  and  described  in  the  Test  Procedure 
(Appendix  B- 1 ).  These  tests  Include  visual  examination,  warp  and  twist,  plating 
adhesion,  PTH  examination,  peel  strength,  thermal  shock,  insulation  resistance 
(after  humidity  exposure),  dielectric  strength,  surface  and  volume  resistivity, 
and  bond  strength  of  PTH. 

One  material  at  a  time  was  processed  beginning  with  the  ultra-thin  peel- 
able  type  followed  by  the  ultra-thin  etchable,  and  sacrificial  foil,  and  finally  the 
adhesively  coated  laminate.  The  test  panels  were  processed  using  the  electroless 
copper  system  established  in  the  previous  task,  i.e.  a  50  A  acid  catalyst  in  con¬ 
junction  with  an  elevated-temperature,  high-speed  electroless  copper  bath.  In 
addition,  the  process  instruction  for  each  of  the  laminate  types  was  upgraded  and 
optimized  prior  to  the  fabrication  of  the  test  panels.  These  arc  listed  in  Appen¬ 
dix  B-3,  and  include  the  previously  discussed  adhesive  removal  treatment  in  FC/ 
TMC  solvent  for  the  adhesive  coated  Laminates.  All  the  panels  were  electroplated 
with  copper  in  a  pyrophosphate  solution  and  standard  tin-lead  plating  and  fusing 
techniques  were  employed.  Processes  were  designed  to  provide  the  following 
minimum  thicknesses:  electroless  copper,  70  mlcrolnch;  electrolytic  copper  in 
PTH,  0.001  inch;  tin-lead,  0.0003  inch. 

At  least  five  test  panels  were  fabricated  from  each  of  the  candidate  mate¬ 
rials.  Four  of  the  five  panels  were  used  for  the  evaluation  testing  and  the  fifth 
panel  was  reserved  for  reference  puiposcs. 

The  tests  to  evaluate  the  optimized  processes  were  performed  in  accord¬ 
ance  with  the  Test  Procedure  (Appendix  B-l).  Two  hundred  seventy-six  individ¬ 
ual  tests  were  performed  to  quality  each  candidate  system.  All  four  material 
types  passed  the  requirements  of  the  Test  Plan  and  therefore  PWBs  fabricated 
using  these  four  material  types  would  be  acceptable  to  the  military  specifications. 

A  summary  of  the  test  results  appears  in  Table  10,  and  a  complete  listing 
of  the  test  results  is  included  in  Appendix  B-5. 
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TABLE  10.  PROCESS  EVALUATION  AND  DEVELOPMENT 
OF  OPTIMIZED  PROCESSES 


EXAMINATION  OR  TEST 

APPLICABLE 

SPECIFICATION 

ULTRA  THIN  COPPER  CLAD 
LAMINATE  TYPES 

ADDITIVE  LAMINATE  TYPES 

PEELABLE 
CARRIER 
(AVERAGE 
VALUES)  •• 

ETCH  ABLE 
CARRIER 
(AVERAGE 
VALUE  SI  •• 

SACRIFICIAL 

FOIL 

(AVERAGE 
VALUE  SI** 

ADHESIVELY 
COATED 
(AVERAGE 
VALUES)  •• 

VISUAL  EXAMINATION 

MIL  PS61I0 

PASS 

PASS 

PASS 

PASS 

WARP  ANO  TWIST 

WARP.  % 

(NONE  1  * 

36 

46 

IB 

09 

TWIST  \ 

(NONE*  * 

3  8 

2  9 

1  0 

0.7 

PLATING  ADHESION 

MILPSSIIO 

PASS 

PASS 

PASS 

PASS 

PLATING  CHARACTE  RISTICS 

CONDUCTOR  THICKNESS  IN 

_ 

(NONE!  * 

0  0073 

0  0018 

0  0077 

00016 

PTH  WALL  THICKNESS  IN 

MIL  STD  776 

0  0071 

0  0016 

0  0073 

0  0016 

RATIO  THICKNESS  (COND  PTHWALLI 

(NONE! 

1  11 

097 

1.16 

PTH  CROSS  SECTION  OUAHTY 

MIL  P  66640 

PASS 

PASS 

PASS 

PASS 

PEEL  STRENGTH  LBS.  IN  OF  WIDTH 

AS  RECEIVEO  (INITIAL) 

(NONE)  * 

7  4 

8  7 

17  6 

168 

AFTER  THERMAL  STRESS  IB  LBS  MINI 

MIL  P  1 3049 

9  7 

96 

14  3 

16  3 

AFTER  THERMAL  CYCLING  IB  LBS  MINI 

MIL  P  1 3049 

B  4 

8  3 

176 

IE  6 

AT  I7S°C  IS  LBS  MIN) 

MIL  P  13949 

9  S 

104 

6  S 

9  1 

continuity  (thermal  shocki 

PASS 

PASS 

PASS 

PASS 

RESISTANCE  VARIANCE  |10\  MAXIMUM! 

MIL  P  661 10 

6  1 

•  4 

3L _ 

78 

POST  thermal  shock  appearance 

MIL  P  SSI  10 

PASS 

PASS 

PASS 

PASS 

DIELECTRIC  STRENGTH  {30  KV  MINIMUM] 

PRIOR  TO  HUMIDITY  E  XPOSuRE 

MU  P  SS1 10 

PASS 

PASS 

PASS 

PASS 

AFTER  HUMIDITY  EXPOSURE 

MIL  P  SSI  10 

PASS 

PASS 

PASS 

PASS 

INSULATION  RESISTANCE  IS  a  10®  fl  MINI 

— 

_ _ 

PRIOR  TO  HUMIOITY  EXPOSURE 

MIL  P  SSI  10 

7S«  •  I0,? 

76  «  I0,? 

?« to” 

17?«  I0,?  1 

AT  STH  CYCLE 

MIL  PSS640 

S?  3  .  10® 

16  •  10® 

?  ?« io’° 

66  ■  10*®  1 

AT  I0TH  CYCLE 

MIL  PSS640 

3S  6  •  10® 

*  ■  10® 

7  •  10*° 

67  6  >  10,J  1 

surface  ano  volume  resistivity 

VOLUME  RESISTIVITY  (10s  Mil -CM  MINI 

MIL  P  13049 

73  9  •  10’° 

46. 10® 

34  •  10® 

B1«1010  1 

SURFACE  RESISTIVITY  1 10*  Mfl  MIN! 

MU  P  13*49 

S7  0.  104 

69 . 10® 

71  «  10s 

i a«  io*  t 

BONO  STRENGTH 

TENSILE  STRESS  TEST  17000  PSI  MINI 

MILPSSIIO 

PASS 

PASS 

PASS 

PASS 

APPEARANCE  AFTER  TEST 

MIL  P SS1 10 

PASS 

PASS 

PASS 

PASS 

SOLDER  ABILITY 

MIL  PSSIIO  ’ 

VISUAL  QUALITY 

IPCS001 

PASS 

PASS 

PASS 

PASS 

WATER  ABSORPTION.  %  10  35%  MAXI 

MIL P 13*49 

0  14 

0  10 

0  13 

0  19 

*  NO  REQUIREMENT  OR  ONLY  WHEN  SPECIFIED 
»  INITIALLY  FAILED  WITHOUT  FC/TMC  CLEANING 


•  •  AVERAGE  OF  RESULTS  FROM  4  TEST  PW»,  DERIVED  FROM 
lit  INDIVIDUAL  TESTS  PERFORMED  ON  E  ACH  CANDIDATE 
PROCESS  SYSTEM 
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Section  2  -  Phase  1  -  Development  Effort 
Subsection  C  -  Task  5  -  Cost  Value  Analysis 

1.  PRELIMINARY  COST  ANALYSIS  OF  THE  FABRICATION  PROCESS 


AU  of  the  material  types  except  the  sacrificial  foil  were  more  expensive  than  the 
standard  0.062  Inch-thick  MlL-P-13949,  1  oz/ft2  material.  However,  an  approxi¬ 
mate  nine  percent  labor  saving  was  realized  by  a  modified  all-copper  process  using 
solder  coatlng/alr  leveling  (SCL)  equipment. 

The  objective  of  this  task  was  to  obtain  data  relative  to  the  cost  of  fabri¬ 
cating  PWB8  using  the  best  of  the  ultra-thin  clad  or  additive  materials  and  related 
processes.  The  results  from  Task  4  clearly  Indicate  that  all  evaluated,  optimized 
systems  meet  the  requirements  of  MIL-P-55110,  and  that  any  of  the  technologies 
could  be  chosen  for  cost  analysis  purpose. 

Labor  Costs  -  A  preliminary  cost  analysis  of  the  fabrication  process  was 
performed  employing  one  of  the  ultra-thin  copper-clad  and  one  of  the  additive 
laminates.  The  compilation  of  data  from  this  effort  Is  given  in  Tables  11  and  12, 
which  compare  the  standard  subtractive  process  to  the  regular  and  modified  PWB 
processes. 

In  the  modified  PWB  process,  all-copper  circuits  are  produced  by  plating 
a  heavier  thickness  of  copper  (0.002  Inch)  onto  the  board  In  the  circuit  pattern 
areas  and  the  PTHs.  However,  the  boards  are  not  tin-lead  plated,  but  are  flash 
etched  Instead  to  remove  the  ultra-thin  copper  foil  and  70  to  100  microinches 
of  electroless  copper  In  the  unwanted  areas.  This  flash  etching  technique  also 
removes  copper  from  the  circuit  traces  and  the  PTHs,  but  because  0.002  Inch  of 
copper  was  plated  In  these  areas,  the  resultant  thickness  of  copper  after  the  flash 
etch  meets  the  specification  requirement  of  0. 001/lnch  minimum.  Therefore, 
this  method  of  producing  all-copper  circuits  lends  Itself  to  the  use  of  solder 
coater/alr  leveling  equipment  (SCI.)  for  the  application  of  solder  to  the  circuitry 
and  PTHs.  This  results  in  a  cost-effective  method  of  producing  solder-coated 
PWBs  as  shown  In  the  labor  comparison  charts  (Tables  11  and  12). 

The  labor- related  time  standards  listed  arc  used  for  general  manufactur¬ 
ing  cost  evaluations.  In  both  analyses,  the  modified  processes  (all-copper  cir¬ 
cuitry'  subsequently  solder-coated)  indicated  an  approximate  9-percent  reduction 
in  labor,  the  area  In  which  major  savings  were  Identified. 

Although  not  Incorporated  Into  the  previously  described  cost  data,  an  ap¬ 
preciable  savings  can  be  realized  In  increased  yields  (3  to  5  percent)  and  reduced 
etchant  material  needs  (1/8  the  cost  as  related  to  1  oz  copper).  Laminate  mater¬ 
ial  costs  were  not  Incorporated  because  It  Is  anticipated  that  future  laminate  costs 
will  be  comparable  (or  lower)  In  price  than  those  for  the  subtractive  material. 
Other  cost  factors  Involved  (power,  other  chemicals,  salvage,  etc. )  were  deter¬ 
mined  to  be  Insignificant  for  use  In  this  Initial  cost  projection. 

The  semi-additive  and  ultra-thin  copper-clad  processes  also  reflect  the 
following  Intrinsic  benefits  that  are  difficult  to  equate  monetarily:  higher  density 
design  capabilities;  increased  rework  probability  after  plating,  especially  with 
the  unclad  materials;  and  fewer  environmental  pollution  problems. 
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TABLE  11.  LABOR  COMPARISON  FOR  PWB  FABRICATION 


USING  ULTRA-THIN  COPPER-CLAD  MATERIAL 


Standard  Subtractive 

Regular  Ultra- Thin  Copper 

Modified  Ultra- Thin  Copper 

PWB  Process 

PWB  Process 

PWB  Prooess 

Time 

Time 

Time 

Process 

Standard 

Process 

Standard 

Process 

Standard 

1.  Drill 

0.340 

1.  Drill 

0.340 

1. 

Drill 

0.340 

2.  Deburr 

2.  Catalyze 

0. 060 

2. 

Catalyze 

0.060 

and  Clean 

0.022 

3.  Catalyze 

0. 060 

3.  E -Copper 

0.040 

3. 

E-Copper 

0.040 

4.  E-Copper 

0.040 

4.  Apply 

4. 

Apply 

Resist 

0.068 

Resist 

0. 068 

5.  Apply 

5.  Print/ 

5. 

Print/ 

Resist 

0.068 

Develop 

0.200 

Develop 

0.200 

6.  Print/ 

6.  Copper 

6. 

Copper 

Develop 

0. 200 

Plate 

0.028 

Plate 

0.028 

7.  Copper 

7.  Tin/  Lead 

7. 

Strip 

Plate 

0. 028 

Plate 

0.028 

Resist 

0.068 

8.  Tin/Lead 

8.  Strip 

8. 

Light 

Plate 

0.028 

Resist 

0. 068 

Etch 

0.020 

9.  Strip 

9.  Light 

9. 

Solder  Coat/ 

Resist 

0.068 

Etch 

0. 020 

Air  level 

0. 020 

10.  Etch 

0.020 

10.  F'usc 

0.060 

10. 

Finalize 

0.066 

1 1 .  Fuse 

12.  Finalize 

0.060 

11.  Finalize 

0.066 

Total 

1.000 

Total 

0.978 

1 _ 

Total 

0.910 

TABLE  12.  LABOR  COMPARISON  FOR  PWB  FABRICATION 
USING  SACRIFICIAL  FOIL  MATERIAL 


Standard  Subtractive  Process 

Regular  Process 

Modified  Process 

Time 

Time 

Time 

Process 

Standard 

Process 

Standard 

Process 

Standard 

1.  Drill 

0. 340 

1.  Drill 

0.  340 

1.  Drill 

0.034 

2.  lebur 

2.  Etch 

2.  Etch 

and  Clean 

0.  022 

Carrier 

0.020 

Carrier 

0.020 

3.  Catalyze 

0.060 

3.  Catalyze 

0.  060 

3.  Catalyze 

0. 060 

4.  E-Copper 

0.040 

4.  E-Copper 

0.040 

4.  E-Copper 

0.040 

5.  Apply 

5.  Apply 

5.  Apply 

Resist 

0.  068 

Resist 

0.  068 

Resist 

0. 068 

6.  Print/ 

6.  Print/ 

6.  F*rint/ 

Develop 

Sfisc !  ;■  Ufa 

Develop 

0.200 

Develop 

0.200 

7.  Copper 

7.  Copper 

7.  Copper 

Plate 

0.028 

Plate 

0.028 

Plate 

0.028 

8.  Tin/  Lead 

8.  Tin/Lead 

8.  Strip 

Rate 

0.028 

Plate 

0.028 

Resist 

0.068 

9.  Strip 

•  9.  Strip 

9.  Light 

Resist 

0.  068 

Resist 

0. 068 

Etch 

10.  Etch 

0. 020 

10.  Etch 

10.  Solder  Coat/ 

Air  Leveler 

11.  Fuse 

0.060 

11.  Fuse 

11.  Finalize 

12.  Finalize 

0.066 

12.  Finalize 

0.066 

Total 

mwmm 

Total 

0.998 

Total 

0.930 

Section  2  -  Phase  I  -  Development  Effort 
Subsection  C  -  Task  5  -  Cost  Value  Analysis 

1.  PRELIMINARY  COST  ANALYSIS  OF  THE  FABRICATION  PROCESS  (Continued) 


Material  Costs  -  The  costs  of  the  laminate  materials  are  listed  in  Table  13 
and  are  the  result  of  responses  from  five  vendors  on  quantities  to  200, 000  square 
feet.  Alos  listed  in  Table  13  for  comparative  purposes  is  the  cost  for  similar 
quantities  of  0. 062-lnch-thlck  MIL-P-13949,  1  oz/ft3  copper-clad  GF  material 
presently  used  with  the  subtractive  process.  Currently,  the  costs  of  ultra-thin 
copper  clad  and  adhesively  coated  laminates  are  somewhat  higher  than  compar¬ 
able  1  oz/ft“  material,  whereas  the  sacrificial  foil  laminate  costs  are  somewhat 
lower.  Conceivably,  an  increase  in  material  demand  due  to  any  volume  produc¬ 
tion  of  boards  from  this  methodology  will  result  in  subsequent  lower  laminate 
costs  brought  about  by  competitive  pricing. 


TABLE  13.  Ql’ANTITY  PRICE  DATA  OF  LAMINATES 
FOR  COST  ANALYSIS  EVALUATION 


laminate  Type  (I'nseeded  0.062-inch  Thick,  GF  MIL-P-13949  Dielectric) 

Supplier  Code/ 
Quantity 
(x  103  sq  ft) 

Semi-Additive 

Ultra-Thin  Foil  Clad  | 

2 

1  oz/ft  Copper  Clad  • 

Sacrificial 

Foil 

Adhesively 

Coated 

Pee  lab  le 

Etchable 

Carrier 

MIL- P-1 3949/4 

A  <10 

$2.51 

- 

$2.90 

$2.90 

- 

10 

2.58 

- 

2.72 

2.68 

- 

50 

2.25 

- 

2.64 

2.64 

- 

100 

2.23 

- 

2.60 

2.56 

- 

200 

J 

9  OQ 

*>  •  *»  u 

- 

2.60 

2.56 

- 

C  <10 

3.26 

3. 10 

3.75 

3.75 

10 

2.83 

2.66 

3.43 

3.43 

- 

50 

2.83 

2.62 

3.43 

3.43 

- 

100 

2.62 

2.43 

3.18 

3.43 

- 

200 

2.62 

2.43 

3. 18 

L  .  < 

3. 18 

- 

E  <10 

3.95 

- 

3.95 

3.95 

- 

10 

3.00 

- 

3. 10 

3. 10 

2. 24** 

20 

3.00 

- 

3. 10 

3. 10 

2.24 

50 

3.00 

- 

3. 10 

3. 10 

2.24 

100 

3.00 

- 

3.10 

3.10 

2.24 

200 

3.00 

- 

3. 10 

3.10 

2.24 

H  <10 

- 

3.54 

3.65 

3.65 

• 

10 

- 

2.49 

2.77 

3.20 

- 

50 

2.49 

2.77 

3.20 

- 

100 

- 

2.49 

2.77 

3.  20 

- 

200 

2.49 

2.77 

3.20 

- 

I  <10 

2. 32 

- 

2.90 

2.90 

• 

10 

2.09 

- 

2.80 

2.80 

- 

50 

2.  09 

- 

2.80 

2.80 

- 

100 

2.09 

- 

2.80 

2.80 

- 

200 

2.09 

- 

2.80 

2.80 

- 

*  Included  for  price  comparison. 

**  Based  upon  large  quantity  purchase  by  Hughes. 
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Section  3  —  Phase  II  —  Production  Implementation 


1.  OVERVIEW  OF  PHASE  II  TASKS 


Verification  of  the  processes  for  PWB  fabrication  using  ultra-thin  copper-clad 
material  was  accomplished  in  a  pilot  production  line  environment.  PWBs  fabricated 
In  this  line  where  routinely  tested  and  qualified  to  the  requirements  of  MIL-P-55 HOB. 

The  Phase  II  portion  of  the  program  was  devoted  to  the  optimization  and 
verification  of  the  selected  PWB  fabrication  process.  This  was  accomplished  In 
a  pilot  production  facility  designed,  established  and  qualified  for  this  purpose.  In 
addition,  a  design  package  for  an  automated  production  line  was  made  and  deliver¬ 
ed  to  MIRA  DCOM.  Phase  n  tasks  are  summarized  In  Table  14. 

Therefore,  In  the  initial  task,  the  optimized  process  from  Phase  I  was  up¬ 
graded  and  then  verified  by  routinely  fabricating  PWBs  from  the  ultra-thin 
copper-clad  material  and  qualifying  these  boards  to  the  applicable  military 
specification  requirements. 

Another  task  consisted  of  the  detailed  design  of  a  MI RADCOM -approved 
pilot  production  facility  and  the  fabrication  and  qualification  of  PWBs  In  this  fa¬ 
cility.  Subtasks  associated  with  this  task  were  a  government-industry  demonstra¬ 
tion  of  the  pilot  line,  delivery  to  MIRADCOM  of  five  sets  of  PWBs  fabricated  in 
this  pilot  line  for  qualification  purposes,  and  a  15-mlnute  color/ sound  motion 
picture  of  the  pilot-line  operation.  A  third  task  in  Phase  II  consisted  of  the  design 
and  documentation  of  a  full-scale  automated  production  line  which  was  subsequently 
delivered  to  MIRADCOM. 
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TABLE  14.  PHASE  H  TASKS 

•  Design,  establishment,  and  qualification  of 
pilot  production  line 

•  Fabrication  of  PWBs  and  qualification  to  MIL- Specs 

•  Design  of  automated  production  facility 

•  16-mm  motion-picture  in  color  and  sound  depicting 
the  PWB  Processes 

•  Two-day  Industry /government  debriefing  session 


Section  3  —  Phase  II  —  Production  Implementation 


2.  1  ASK  1  —  OPTIMIZATION  AND  VERIFICATION  OF  SELECTED  PROCESSES 


Hughes  chose  to  optimize  and  verify  the  process  for  PWB  fabrication  using  the  ultra- 
thin  copper-clad  laminates.  Where  required,  the  basic  process  was  further  refined 
or  modified  to  establish  parameters  to  ensure  uniformity-  and  end  product  conform¬ 
ance  to  MIL- P-551 10. 

The  results  of  the  Phase  I  effort  of  this  program  revealed  that  all  four 
of  the  material  types  tested  passed  the  requirements  of  the  MIL-speclflcatlons. 

I'he  peelable  type  ultra-thin  copper-clad  material  was  chosen  for  this  task 
because  it  and  the  related  processes  can  be  easily  Implemented  into  the  majority’ 
of  PWB  fabrication  systems  utilizing  the  subtractive  process. 

1  he  regular  and  modified  ultra-thin  copper-clad  processes  as  outlined  on 
the  facing  page  were  optimized  for  the  production  of  PVVBs  that  were  subsequently 
tested  for  specification  conformance.  The  regular  process  utilizes  standard  PWB 
fabrication  techniques  of  drilling,  hole  plating,  imaging,  pattern  plating  of  copper 
ami  tin/lead,  etching,  ami  fusing. 

The  modified  process  is  used  to  produce  "all-copper"  PWBs  ami  eliminates 
tin/ lead  plating  ami  fusing  from  the  sequence.  The  all-copper  PWBs  are  s lir se¬ 
quent  ly  coated  with  solder  using  the  solder  coate-  air  leveling  equipment  (SC Li. 

In  addition,  PWBs  were  fabricated  using  the  mo<iified  process  plus  a  permanent 
solder  mask  as  outlined  in  (C)  of  Figure  7.  and  solder  coated  using  SCL. 

Approximately  90  PWBs  were  fabricated  over  a  two  month  period  using 
each  of  the  throe  described  processes.  Ten  percent  of  these  completed  PWBs 
were  subjected  to  the  thermal  stress  testing  of  the  PTHs  as  specified  in 
MIL- P-55640  specifications.  This  test  consisted  uf  floating  the  PWBs  on 
molten  solder  at  550°t  for  10  seconds  followed  by  mlcrosectlonlng  and 
examining  the  PTHs  for  copper  cracks,  copper  separation  or  other  anomolles. 

All  of  the  PW  Be  passed  the  test  requirements  in  that  none  of  the  PTH  samples 
exhibited  any  evidence  of  copper  cracks  or  separaUon  of  the  plated  copper  from 
the  hole  wall,  thereby  Indicating  good  PTH  processing.  It  was  also  Interesting 
to  note  that  the  PWBs  processed  through  the  SCL  experienced  no  PTH  failures 
and  the  resultant  solder  coverage  afforded  by  the  SCL  was  more  than  adequate. 

At  this  time,  the  decision  was  made  to  concentrate  on  only  the  regular 
process  for  ultra-thin  copper-clad  material  for  subsequent  evaluation  in  the 
pilot -production  line  environment.  This  process  is  the  one  that  parallels  more 
closely  the  production  processes  presently  being  used  at  Hughes- Fullerton. 

Therefore,  u^inK  ihe  regular  process,  Hughes  processed  five  test  sets 
of  two  I’WBs  each  in  a  sequential  manner  to  simulate  a  low  volume  prototype 
PWB  operation.  To  prove  process  capability,  the  last  three  successive  sets 
(each  set  Independently  produced)  were  used  to  verify  all  the  qualitv-conformance 
Inspection  tests  of  the  MfL— P—55110  document. 
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Figure  7.  Ultra-Thin  Copper  Clad  Proceuei  The  modified  procruet  in  R  and  C 
produced  “all  copper"  type  circuit*. 


Section  3  -  Phase  U  -  Production  Implementation 


3.  TASKS  2,  3  AND  4  -  DESIGN,  ESTABLISHMENT  AND  QUALIFICATION  OF  A 
PILOT  PRODUCTION  LINE 

A  detailed  design  was  prepared  to  convert  the  optimized  process  from  a  development 
phase  Into  a  pilot  line  production  phase  without  loss  of  process  effectlvlty.  From 
this  design,  an  unbalanced  pilot  line  was  established  for  the  fabrication  of  PWBs  for 
qualification  to  the  requirements  of  MIL-P-55110. 

The  prior  Task  1  effort  obtained  the  objective  of  a  manufacturing  process 
capable  of  routinely  producing  PWBs  meeting  the  requirements  of  the  applicable 
specifications.  In  these  tasks,  Hughes  prepared  a  detailed  design  of  a  pilot  pro¬ 
duction  line  for  the  fabrication  of  PWBs  using  the  ultra-thin  copper-clad  material. 
The  design  utilized  the  unbalanced  line  concept  with  the  processing  tanks  and 
equipment  in  different  locations.  This  eliminated  the  expense  of  establishing  a 
new  area.  Most  of  the  processing  was  accomplished  with  the  equipment  and  fac¬ 
ilities  presently  used  in  an  engineering  prototype  shop  for  fabricating  PWBs  by 
the  standard  subtractive  process.  Layouts,  sketches  and  other  pictorial  presen¬ 
tations  fully  describing  the  equipment  In  specification  format  was  delivered  to 
MIRADCOM. 

Qualification  of  pilot  production  line  was  accomplished  by  the  routine  test¬ 
ing  of  PWBs  fabricated  In  this  line.  The  PWBs  were  fabricated  using  the  poclable 
type  ultra-thin  copper- cl  ad  materials  and  following  the  processes  outlined  In 
Appendix  B-3.  The  preliminary  tests  consisted  of  the1  examination  of  the  plated- 
through-holes  (PTHs)  after  thermal  stress  (solder  float)  tests  of  the  PWB.  Once 
these  tests  indicated  that  acceptable  PTHs  were  being  produced  by  the  process, 
the  system  was  qualified  by  fabricating  ten  production- typo  PWBs  and  subjecting 
them  to  the  testing  requirements  specified  In  MIL-P-55110. 

Five  of  these  hoards  were  chosen  at  random  and  subjected  to  the  tests 
specified  In  MIL-P-551 10B.  The  test  results  Indicated  that  all  five  boards  con¬ 
formed  to  the  requirements  of  the  subject  specification,  and  therefore  the  plhit 
production  line  was  declared  qualified  to  pnwhjce  militarily  acceptable  l^Bs. 

The  remaining  five  boards  plus  the  test  results  were  <ieltvcred  to  MIRADCOM. 

The  flow  diagram  shown  in  Figure  8  Illustrates  the  process  steps  and  equipment 
necessary  to  produce  the  end-product. 
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Figure  8.  Typical  Manufacturing  Procru  Flow  of  a  Printed  Wiring  Board.  Precise  controls  are 
provided  at  all  step*,  from  the  generation  of  engineering  data  and  plana  through  the  application 
of  materials  and  chemical  solutions  in  fabrication,  to  the  Pinal  cleaning  and  packaging  of  the 
finished  card. 
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Section  3  -  Phase  □  -  Production  Implementation 


4.  FABRICATION  OF  PWBs  IN  A  PILOT  PRODUCTION  LINE 


Two  types  of  PWBs  were  produced  in  the  pilot  production  line  during  a  three-month 
period  of  time.  Representative  samples  of  the  PWBs  were  chosen  for  qualification 
to  MIL- P-551 10,  and  all  met  the  specification  requirements. 

In  order  to  verify  the  process  and  obtain  addltonal  Information  for  cost 
analysis  and  yield  data,  a  production  quantity  of  PWBs  were  produced  In  the  pilot 
production  line  established  and  qualified  in  the  previous  task.  This  effort  Included 
the  fabrication  of  medium-  and  high-density  PWBs  as  pictured  on  the  opposite 
page.  The  medium-density  PWBs  were  fabricated  using  0. 062-inch  thick  epoxy 
glass  material  while  the  high-density  PWBs  were  produced  using  0. 020-lnch  thick 
epoxy  glass  material,  and  include  many  #80  PTHs  (0.0135-inch  diameter)  and 
10  mil  lines  and  spaces.  Both  of  these  board  types  were  fabricated  at  a  rate  of 
approximately  10/day  for  a  period  of  three  months  during  which  time  a  total  of 
600  PWBs  were  produced. 

The  regular  ultra-thin  PWB  process  sequence  listed  in  Table  11  was  used 
to  fabricate  approximately  450  medium-  and  high-density  boards  during  this  task. 
The  modified  PWB  process  utilizing  the  solder  coater/air  leveling  equipment  was 
used  to  fabricate  approximately  150  medium  density  PWBs  following  the  process 
sequence  listed  in  Tabic  11.  In  addition,  the  modified  process  sequence,  steps 
1  through  8,  was  used  to  produce  "all-copper''  PWBs,  which  were  subsequently 
coated  with  a  permanent  solder  mask  material  conforming  to  I  PC -SM- 840.  The 
terminal  areas,  bonding  pads  and  PTHs  were  subsequently  solder-coated  using 
the  solder  coater/air  leveler.  Approximately  forty  PWBs  were  produced  using 
the  permanent  solder  mask  during  this  program. 

The  process  was  monitored  by  randomly  selecting  1  or  2  boards  from 
each  day's  production  run,  and  subjecting  them  to  a  thermal  stress  test  (solder 
float  for  10  seconds  at  550°F>.  The'  PTHs  were  also  examined  metallurgical^ 
for  evidence  of  failure  anomolies.  In  addition,  2  or  3  PWBs  per  week  were  se¬ 
lected  at  random  and  subjected  to  the  tests  specified  in  MIL- P-551 10.  All  of  the 
boards  submitted  for  testing  during  this  three  month  production  run  were  found 
to  be  acceptable. 

In  addition,  the  lot-to-lot  variability  of  the  ultra-thin  copper-clad  material 
was  evaluated  during  this  period  of  time.  Several  lots  of  the  material  were  pur¬ 
chased  over  a  twelve  month  period  and  used  to  fabricate  the  PWBs  during  this 
three  month  production  effort.  The  results  indicated  that  there  was  no  dlscernablc 
variability  in  the  various  lots  of  material  received  during  this  twelve  month  per¬ 
iod,  and  it  was  evident  that  the  laminators  were  maintaining  good  quality  of  their 
products. 

The  results  of  the  three-month  production  effort  are  summarized  as 
follows.  Approximately  450  PWBs  (both  medium-  and  high-density)  were  fabri¬ 
cated  using  the  regular  process  outlined  ir  Table  11.  Five  percent  of  these 
boards  were  selected  at  random,  subjected  to  the  tests  specified  in  MIL-P-55110, 
and  all  of  the  boards  tested  met  the  requirements.  The  process  outlined  in 
Table  1 1  was  projected  to  result  in  a  labor  saving  of  approximately  2  percent. 
Approximately  150  medium-density  PWBs  were  fabricated  using  the  modified 
process  outlined  in  Table  11  using  the  solder  coater/air  leveling  equipment. 

Again,  fiver  percent  of  these  boards  were  selected  at  random,  subjected  to  the 
MIL-P-55110  tests,  and  all  of  the  boards  tested  met  the  requirements.  This 
modified  process  was  projected  to  result  in  a  labor  saving  of  approximately  9 
percent.  All  of  the  ultra-thin  copper-clad  material  purchased  over  a  twelve 
month  period  of  time  was  found  to  be  acceptable  for  use  in  fabricating  PWBs 
conforming  to  the  MIL- standards. 
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Sjmplev  of  Semi  Additive  I'M  FU  Approximately  4S0  medium  denvilv  PWBv.  and  ISO  hij;li  denvirv 
PUBc  were  fabricated  m  (lie  pilot  production  line. 
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Section  3  -  Phase  II  -  Production  Implementation 


5.  TASK  5  -  AUTOMATED  PRODUCTION  LINE  DESIGN 


Hughes  provided  a  specification  for  a  production  line  capable  of  fabricating  PWBs 
utilizing  the  ultra-thin  copper-clad  laminate  material. 

The  automated  production  Unc  design  specification  Included  a  flow  diagram 
of  the  fabrication  processes;  the  specifications  and  physical  data  of  equipment 
necessary  to  perform  the  various  processing  operations;  and  automated  production 
systems  wherever  possible,  such  as  the  electroless  and  electrolytic  plating 
lines. 

Included  in  this  design  package  were  the  latest  specifications  on  a  four- 
spindle  numerically  controlled  (NC)  drilling  machine  capable  of  drilling  hundreds 
of  0. 0135-inch  diameter  holes  in  laminate  materials  used  for  hi-dcnslty  PWBs 
at  Hughes- Fullerton.  In  addition,  an  overall  layout  of  the  automated  sensitize 
and  electroless  copper  plutlng  line  was  provided  including  detail  sketches  of  the 
process  and  rinse  tanks  used  in  this  line.  The  same  type  of  detail  sketches 
were  provided  for  the  tanks  in  the  copper  and  tin/lead  plating  line  which  is  also 
automated  ami  computer  controlled,  lectures /sketches  and  physical  specifications 
of  other  processing  equipments  were  provided  including  the  photoresist  I  am  (ns  tor, 
exposure  machine,  developer  and  stripper,  a  conveyorized  etching  machine,  a 
conveyorized  Infrared  solder  fuser  and  cleaning  machine,  and  finally  an  automa¬ 
ted  NU  routing  machine. 

Each  phase  of  the  process  was  considered  for  automation  but  only  those 
processes  which  could  easily  be  automated  were  considered  for  this  task.  There¬ 
fore,  the  operations  of  applying  and  exposing  the  photoresist  to  the  laminate  ma¬ 
terials  were  not  automated  whereas  all  of  the  other  operations  are  automated  to 
some  extent  through  the  use  of  conveyors,  NC  tapes,  or  computer. 

All  of  the  above  mentioned  drawings,  data  sheets  and  specifications  were 
packaged  together  into  a  handbook  type  of  document  for  delivery  to  MIRADCOM, 
and  are  Included  in  Appendix  B-4.  Figure  9  on  the  facing  page  shows  the  auto¬ 
mated  plating  line  in  operation  at  Hughes-Fullerton. 

At  the  conclusion  of  Phase  D,  Hughes  prepared  and  provided  a  15-minute 
1 6- mm  motion  picture  (color  and  sound)  depicting  the  complete  manufacturing 
process.  Each  step  of  the  process  was  documented  with  emphasis  on  areas  uni¬ 
que  to  the  semi-additive  or  ultra-thin  copper  process. 

An  Industry /government  debriefing  session  was  held  at  Hughes-Fullerton 
on  the  16th  and  17th  of  November,  1978  to  disseminate  the  data  and  results  of  this 
program  to  invited  government  and  industry  personnel.  Approximately  125  invi¬ 
tations  were  sent  to  companies  listed  by  MIRADCOM  as  well  as  members  of  the 
Institute  of  Printed  Circuits  and  California  Circuits  Assn.  Approximately  80 
people  attended  the  session.  The  debriefing  and  demonstration  session  included 
a  tour  of  the  Hughes-Fullerton  facilities  as  well  as  a  viewing  of  the  film. 
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Figure  9.  Automated  KWB  Subtractive  Processes  Fabrication  Line.  Tbe  plating  line  hoist 
shown  is  computerised  to  control  position  and  time  of  PWB  immersion  in  various  processing 
tanks. 


47  (48  BLANK) 


SECTION  4 

CONCLUSIONS  AND  RECOMMENDATIONS 


1.  Conclusions  Regarding  Materials  and  Processes  .  50 

2.  Recommendations  for  Future  MM  AT  Effort  .  52 


Section  4  —  Conclusions  and  Recommendations 


1.  CONC LUSIC) NS  REGARDING  MATERIALS  AND  PROCESSES 


PWBs  fabricated  using  ultra-thin  copper-clad,  adhesive-coated,  and  sacrificial  foil 
laminate  materials  qualified  to  the  requirements  of  MIL-P-55U0B.  A  pilot  produc¬ 
tion  line  was  established  for  the  routine  fabrication  and  qualification  of  PWBs  using 
the  ultra-thin  copper-clad  material. 

Four  types  of  epoxy-glass  laminates  (ultra-thin  copper-clad  with  peelable 
or  etchable  carrier,  sacrificial  foil,  and  adhesively  ooated)  meet  the  applicable 
requirements  of  MIL- P-13949  and  MIL- P-55617.  PWBs  fabricated  from  each  of 
these  four  material  types  qualified  to  the  requirements  of  MIL-P-S5110B.  How¬ 
ever,  PWBs  fabricated  from  adhesive-coated  laminates  must  be  treated  with 
liquid  FC/TMC  solvent  as  an  additional  final  step  to  remove  the  exposed  adhesive 
layer  between  the  circuitry  pattern.  This  step  is  necessary  because  this  adhe¬ 
sive  layer  contributes  to  the  Insulation  Resistance  (IR)  and  humidity  failures. 

A  pilot  production  line  was  designed,  established  and  qualified  for  the  pro¬ 
duction  of  lAVBa  using  the  ultra-thin  copper-clad  laminate  material.  PWBs  were 
routinely  sampled  from  the  line  and  qualified  to  the  requirements  of  MIL-P- 
551 10B.  The  process  was  verified  in  this  line  and  data  was  obtained  relative  to 
the  reliability  of  the  process  based  on  the  production  of  approximately  600  PWBs. 

There  was  no  evidence  of  "resin  bleed  through"  problems  on  either  type  of 
ultra-thin  copper-clad  laminate  material  used  in  this  program  (peelable  or  etcha¬ 
ble  oarrler).  At  least  four  lots  of  the  peelable  carrier  type  material  were  used  to 
fabricate  lAVBa  in  the  pilot  production  line.  This  observation  of  no  resin-bleed- 
through  was  made  on  approximately  600  boards  from  these  four  material  lots. 

In  addition,  drill  burr  problems  were  not  experienced  using  the  copper-clad  la¬ 
minates.  This  was  accomplished  by  performing  the  drilling  operation  on  PWBs 
sandwiched  between  an  aluminum  entry  foil  and  an  aluminum  backup  board  in 
conjunction  with  the  proper  drill  feeds  and  speeds.  , 

A  high-rate  electroless  copper  system  employing  a  50A  type  catalyst  solu¬ 
tion  was  successfolly  used  to  produce  PWBs  in  a  pilot  production  environment.  A 
minimum  thickness  of  70  microtnches  of  electroless  copper  was  sufficient  to  eli¬ 
minate  the  need  for  an  electrolytic  panel  plating  step.  This  system  also  provided 
good  peel  strength  qualities  of  the  deposited  copper  to  both  types  of  unclad  lami¬ 
nates  (the  adhesive-coated  and  the  sacrificial  foil). 

Using  the  modified  processes  described  herein,  all  copper  type  PWBs 
were  produced  using  either  the  ultra-thin  copper-dad  or  semi-additive  processes. 
These  types  of  PWBs  were  successfully  solder-ooated  using  solder  coater/alr 
leveling  equipment  (SC L)  thereby  eliminating  the  conventional  tin/lead  plating  and 
fosing  operations.  High-density  circuits  were  also  produced  uslig  the  modified 
processes.  They  were  ooated  with  a  permanent  solder  mask,  and  then  the  terminal 
areas  and  PTHs  were  solder  ooated  using  the  SCL  process.  The  use  of  these 
modified  processes  on  the  ultra-thin,  all-copper  PWBs  resulted  in  a  projected 
ooet  savings  of  7  to  9  percent  In  labor.  Additional  savings  attributed  to  extended 
etchant  Ilfs  and  less  chemical  usage  are  indicated. 

Material  oosts  were  obtained  based  on  modest  quantity  lot  sites.  These 
costs  were  compared  with  standard  MIL- P-13949/4  laminates.  The  results 
showed  that  the  ultra-thin  oopper-clad  materials  were  14  to  16  percent  higher 
than  the  standard  1  oz/ft*  material  while  the  cost  of  adhesive-coated  laminates 
was  9  percent  higher.  In  contrast,  the  sacrificial  foil  laminates  were  priced  7 
percent  lower  than  the  standard.  In  the  future,  new  materials  could  reflect  lower 
prices  with  increased  demand,  higher  production,  and  additional  competition.  In 
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addition,  some  laminate  types,  due  to  little  demand,  are  available  in  limited 
quantities  from  the  lamina  tors  and  require  long  lead  times  for  delivery. 

High-density  PWBa  can  be  produced  using  the  materials  and  processes 
described  herein.  The  ultra-thin  copper-clad  process  can  be  Implemented  into  a 
standard  subtractive  line  with  minimal  costs  for  conversion. 

The  "seeded"  type  unclad  laminates  used  for  the  fully  additive  processes 
were  not  acceptable  for  use  in  this  program. 

SUMMARY  OF  RESULTS  AND  CONCLUSIONS 


•  All  four  material  types  qualified  to  Military  Specifications. 

•  PWBs  fabricated  from  the  four  materials  qualify  to  MIL-P-55110B. 

•  Adhesive-coated  type  PWBs  must  be  treated  in  FC/TMC  to  pass  IR  tests  after 
exposure  to  humidity. 

•  A  pilot  production  line  was  designed,  established  and  qualified  for  the  produc¬ 
tion  of  PWBs  using  ultra-thin  copper-clad  laminates 

•  600  PWBs  were  fabricated  and  qualified  to  military  specifications  during  a 
3-month  period. 

•  No  evidence  of  "resin  bleed  through"  or  drill  burr  problems  using  ultra-thin 
coppei^clad  material 

•  50  A  catalyst/high-rate  electroless  copper  system  provides  good  peel  strength 
qualities  and  eliminated  need  for  copper  panel  plating. 

•  A  modified  process  developed  for  production  of  "all-copper"  type  PWBs  re¬ 
sulted  in  labor  savings  of  7  to  9*%. 

-  "AU-coppcr"  circuits  were  successfully  solder  coated  using  the  solder  coater/ 
air  leveler  thereby  eliminating  the  tln/load  plating  and  fusing  operations. 

-  PWBs  with  permanent  solder  mask  were  solder  coated  successfully  using  SCL. 

-  All-copper  PWBs  can  be  produced  using  any  of  the  four  material  types. 

•  Materials  cost  Is  higher  for  ultra-thin  copper-clad  and  adhesive-coated  lami¬ 
nates  compared  to  standard  1  or./ft2  material.  Sacrificial  foil  laminates  are 
lower  in  cost. 

•  The  ultra-thin  copper-clad  processes  can  be  Implemented  into  standard  sub¬ 
tractive  lines 
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Section  4  —  Conclusions  and  Recommendations 


2.  RECOMMENDATIONS  FOR  FUTURE  MMfcT  EFFORTS 


It  has  been  demonstrated  that  PWBs  that  conform  to  the  requirements  of  MIL-P- 
551 10B  can  be  fabricated  from  ultra-thin  copper-clad  laminates.  The  material  spe¬ 
cifications  should  be  updated  to  allow  the  use  of  1/8  oz/ft2  or  5-micron  copper-clad 
laminates  to  allow  production  of  such  boards  for  the  military. _ 

The  Department  of  Defense  should  update  MIL- P-1 3949  to  incorporate  1/8- 
oz/ft-  or  5-micron  copper-clad  laminates.  In  addition,  a  new  material  specifica¬ 
tion  should  be  established  for  the  unclad  laminates  —  adhesive-coated  and  sacrifi¬ 
cial  foil. 

The  processes  advocated  herein  are  also  recommended  for  multilayer 
board  (MLB)  fabrication.  After  some  evaluation,  the  applicable  MLB  requiro- 
ments  in  MIL-STD-1495,  MIL- P-55640,  MIL-STD-275D  and  MIL-P-55110C  be 
revised  and  upgraded  accordingly.  Both  methodologies  are  recommended  for 
additional  development  oriented  towards  the  fabrication  of  low-cost  microcircui¬ 
try  (hybrids,  etc.)  utilizing  resin-glass  and  ceramic  dielectric  substrates. 

The  present  MM&T  effort  should  be  continued  to  evaluate  the  fully-additive 
process  for  military  PWB  fabrication.  Although  it  requires  extensive  production 
facility  restructuring,  the  fully-additive  system  is  reported  to  be  more  cost  ef¬ 
fective  than  the  semi-additive  technology.  An  effort  should  be  generated  to  deter¬ 
mine  whether  additively  produced  PWBs  will  meet  the  end  requirements  of  both 
MIL- P-551 10  and  MIL-P-55640. 

Finally,  it  is  recommended  that  a  military  specification  be  generated  doc¬ 
umenting  the  criteria  for  electroless  copper  deposition  since  electroless  copper 
plating  is  an  important  factor  in  the  construction  of  PWBs,  particularly  by  the 
semi-additive  and  additive  systems. 


SUMMARY  OF  RECOMMENDATIONS 


Recommendation 


•  DoD  update  ol  MIL-P-13949  to  in¬ 
clude  5-micron  copper-clad  lam¬ 
inates  and  generate  new  specifi¬ 
cation  for  unclad  laminates 

•  Use  of  these  processes  for  MLBs  I 


•  Revision  of  MIL-STD-1495  and 
-275D,  and  MIL-P-55640  and 
-551 10C. 

•  Additional  development  of  ultra- 
thin  copper-clad  and  unclad  MLB 
methodologies 


Advantage 

•  Allows  use  of  this  technology  for  mil¬ 
itary  boards 


•  Future  refinement  of  thin  MLB  lami¬ 
nates  will  result  in  higher  density 
MLBe 

•  To  allow  military  acceptance  of  PWBs 
produced  using  this  technology 

•  For  low-cost  hybrid  mlcroctrcuitry 


•  Continue  evaluation  of  the  fully- 
additive  process 

•  Create  military  specification  for 
electroless  copper  deposition 


•  More  cost  effective  than  subtractive 

•  Improve  the  reliability  of  process  and 
end  product 
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APPENDIX  A-2  -  APPLICABLE  SPECIFICATIONS 


1.  MIL-STD-202 

2.  MIL-STD-275 

3.  MIL-STD-429 

4.  MIL-STD-454 

5.  MIL-STD-1495 

6.  MIL-P-13949 

7.  MI  L-I -46058 


Test  Methods  for  Electronic  and  Electrical  Component 
Parts 

Printed  Wiring  for  Electronic  Equipment 

Printed  Wiring  and  Printed  Circuit,  Terms  and  Defin¬ 
itions 

Standard  General  Requirements  for  Electronic  Equip¬ 
ment 

Multilayer  Printed  Wiring  Boards  for  Electronic  Equip¬ 
ment 

Plastic  Sheet.  Laminated,  Metal-Clad  (For  Printed 
Wiring)  General  Specification  for 

Insulating  Compound.  Electrical  (For  Coaling  Printed 
Circuit  Assemblies) 
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8.  MIL- P-651 10  Printed  Wiring  Boards 


9.  MIL-P-5S617  Plastic  Sheet,  Thin  Laminate,  Metal-Clad  (For  Printed 

Wiring,  Primarily  for  Multilayer) 

10.  MIL- P-55640  Printed  Wiring  Boards,  Multilayer  (Plated-Through 

Hole) 

11 .  IPC-S-803  Solderability  Test  for  Wave  Soldered  Printed  Wiring 

Boards 

12.  IPC-T-50A  Terms  and  Definitions 

13.  IPC -AM-361  Specification  for  Rigid  Substrates  for  Additive  Process¬ 

ing  of  Printed  Wiring  Boards 

14.  IPC-AM-372  Electroless  Copper  Film  for  Additive  Printed  Boards 

(Proposed) 

15.  1PC-CF-155  Ultra-Thin  Copper  Foil  (Proposed) 

16.  IPC-SM-840  Qualification  and  Performance  of  Permanent  Polymer 

Coating  (Solder  Mask)  for  Printed  Boards 

, .  IPC-TR-575  Additive  Process  Evaluation  -  Report  on  Phase  I  of  the 

IPC  Round  Robin  Testing  Program  on  Additive  Printed 
Wiring  Boards 

18.  IPC-TR-576  Additive  Process  Evaluation  -  Report  on  Phase  n  of  the 

IPC  Round  Robin  Testing  Program  on  Rigid  Additive 
Printed  Boards 
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APPENDIX  B 

Appendix  B-l  -  Procedure  for  Testing  Seml-Addltlve  and  Ultra- Thin 


Copper  Clad  PWBs . . .  B-l 

Appendix  B-2  -  Test  Data  Sheets . . .  B-16 

Appendix  B-3  -  Fabrication  Procedures,  Final . B-23 

Appendix  B-4  -  Design  of  Automated  Production  Line  for  Seml- 

Addltlve  Processes .  B-33 

Appendix  B-5  -  Test  Results  of  Process  Incorporating  Tin- Lead 

Plating  and  Fusing .  B-79 


HUGHES  FULLERTON 
Hughe*  Aircraft  Company 
Fullerton.  California 


ult.t-U'.ir  copF«r  clad  procaa*.  Th*  data  will  b*  used  to  dataraln*  If  tVha 


produced  by  on*  of  th*  above  procaa***,  ar*  aultatl*  for  miliary  uea«a  par 


■pacification  tCh-P-55110 


iac.\  board  and  apaclnan  tharaon  a  tall  b*  idant: 


ultra-thin  ooppar  foil  aaadad  laminate  with  an  atchabl*  carrier,  procaaaad 


ualn*  ISO' a  atandard  procedure*,  atchad  7?  September  19"t  ah*  11  b*  ldar.tifial 


Applloabi*  Procaa*  Procedure 


Tb*  teat*  to  ba  conducted  ar*  llatad  la  low  and  ah 


Perform  all  croaa-eactlor.lnf  and  daatmetle*  tee  tin*  lad 


Do  not  dlaaard  any  taat  apaclaana  Including  thoa*  which  haa*  failed  to  aaat 


Panel  evaluation 


X.  >N**rflr*t<rm  Mqulraaantai  KIL-P-55110B(2 )  2/,  Paragraph 

'.9.1  Method  of  Itati  A  oaraful  visual  examination  scanning  both 

aldaa  of  oaoh  penal  without  magnification.  Observe  and  resold  any 

obvious  defects,  damage,  or  poor  workmanship.  Check  the  following! 

a.  Ipwait  of  panel  and  registration  to  neater  pattern. 

b.  Board  edcee  -  creaks,  chips,  etc . 

o.  Surface  oresks  -  around  holes  and  other  buildi® . 

d.  Board  oondlUon  and  workmanship  -  shook  for  the  pretense  of  dirt, 
oil,  corrosion,  corrosive  products,  (reset,  fingerprints,  foreign 
natter,  flux  residue,  salts,  etc. 

e.  Plating  -  aback  for  cracks,  lifting  of  eoetlnge  free  resin 
surface  and  natal  surface,  silvers  and  whiskers,  unwanted  natal 
deposits,  pinholes  In  nets!  deposits,  praasnee  of  bllstsrt,  burnt 
dsposlta  and  other  detrimental  offsets. 

f.  Plsted-througb-holsa  -  examine  ell  hole*  and  record  tbs  locations 
of  ell  voids  present.  Set  said*  panels  having  voids  In  bolss  for 
posalbla  further  Investigation  later. 

Saaelei  10*  X  12'  panels 
^isntityi  All  panels 

V  Mwufeeturlng  date  to  be  date  fabrication  of  PWf  starts. 

i  Including  eeailcr*  or  notlea  of  refarancad  i-  rami . 


1976  fiscal  calendar 
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1977  FISCAL  CALENDAR 


Figure  1  ~  Fiscal  Calendar 
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SPECIMEN  NUMBER  REFERENCE  PICTORIAL 


HUGHES  FULLERTON 
Huffm  Aircrwft  Company 
Fulhrton.  Californio 


B.  Sprclwn  Ivelustlon 

1.  Cut  specimens  from  panel  to  proceed  with  the  following  tails. 

2.  Peel  Strerath 

Hequl resents :  MU-P-55il<*(  2) .  Paragraph  3.13  anil  KU.-P-139**9C(  1) 

accord  ins  Vo  the  required  specification  sheet. 

Method  of  Test:  Kll-P-1 39**^f  ( l) ,  Paragraphs  U. 7. 2. 5.1  and  U.7.2.6 

a.  Test  two  strips  per  tide  minima  of  Specimen  ?  at  received. 

b.  Teit  two  strips  per  tide  minimum  of  Specimen  3  after  solder  float 

per  KlUP-l^JCU),  Paragraph  U.7. 2.6.1. 

1*711  If  tpr-imer.t  are  solder  plated,  wipe  off  cacestlve  solder 
pick  up  lameiiateljr  after  solder  float  with  a  rubber  squeegee . 

c.  Tett  two  strips  per  side  minimum  of  Specimen  l  after  temperature 

cycling  per  KI1,-P-13*«'3C(  1) ,  Paragraph  Is. 7. 2. 6. 2. 

d.  Tett  two  strips  per  tide  minimum  of  Specimen  5  at 

elevated  temperature  per  1CL-P-139“5IE(  1) ,  Paragraph  li.7.2.6.3. 

Samples  Teel-tond  Specimens  2,  3.  **  and  5. 

Quantity  Pour  specimens  per  panel 


Peel -Bond 


3.  Plating  Thickness 

Determine  plating  thickness  of  copper  and  of  tin-lead  deposits. 

Be qul reeents :  Copper  -  l.k  mil  mlnlmue  or.  conductors  and  1.0  mil 
silnlmu*  In  the  holes,  tin-lead  •  measure  and  record  thickness. 

Method  of  Tett:  Thermal  stress  specimen  per  KlL-P-5?6b0g( 2) ,  Paragraph 
W.7.1U  then  micrc  cross-section  per  KI1.-F-5  V— OA l ?) ,  Paragraph  W. 7. 1.1.1. 
Por  tin-lead  plated  conductors  measure  the  tin-lead  thlckneii  at  the 
crow  (crest'  after  fualhg. 


B-ll 


Conductor 

(Surface) 

Croea-Sectlon 


1 1  IU.1.U 
4  H’1 1 1 


• _ i  tit* 


Plating  Tfclckneaa 


pro 

Croea -Sect  Ion 


Staple*  Spe  iaer.  6 

Quantity:  On*  apeclaer.  par  penal  for  eurfac*  and  PTH  plating  thlckncaa 
taaiuraanta.  A  alnlaua  of  thraa  conductor  and  three  PTH  atuuraarati 
required  (tee  auggeated  Croat- (actioning  of  epee  tarn  above).  Place  both 
cut  aectlana  In  on*  netellagraphlc  aount  and  Identify. 

KTTt  Calculate  the  plating  aurfac*  thlckneaa  to  the  pleted-through-bcle 
ration  for  reaper  plat*. 

W.  tl*£  trlcal  Continuity 

Pequlreaenta  *Gl-P-S511C»(  2) ,  Paragraph  3.8 

Method  of  Teat:  Wi-P-Wli®  2),  Par^raphi  U.7. 1.2.1  and  fc.9.5. 

Staple:  Speclaer.  9 

Quantity:  On*  apeclaen  per  panel 


.  .  .  0  Wire  Attachaent 


5.  Wolatur*  Pealatance 

Pequlreaenta:  M3L-P-SSU0»(  2)  ,  Paragraph  3.11 
Method  of^Teat:  WI.-P-?U<»(2),  Paragr**  U.9.0. 

Prior  to  teatlng  clean  both  aide*  of  the  apeclaen  a*  foil  ova : 


Electrical  Continuity 
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HUGMS-fULLEHTON 
Hugh*  Aircraft  Company 
FuHarton,  California 


t,  truth  with  bristle  truth  under  nualai 
D.l.  water  tt  60-fl0°f . 

b.  train  off  attar  (drip-dry) . 

c.  truth  while  submerged  In  Isopropyl  alcohol 
removing  all  aacatt  rotln. 

d.  Dip  In  frtsh  Isopropyl  alcohol;  drain  and  dry  Molatura  Resistance 
In  ^lant  air  for  5  alnutat  (maximum). 

a.  Dry  In  erven  at  ?25°T  -  P90°P  for  two  hourt. 

f.  Remove  from  oven  and  condition  for  hour*  at  T3°f  prior  to 

tasting. 

Saerple:  Specimen  1 

quantity  On*  tpactaan  per  panel 

!K*Tt:  Spec laan  1  It  alto  utad  for  lntulatloo  retlttance  and  dielectric 
withstanding  voltage  teetlng.  Iniuletlon  retlttance  thall  be  tettad  per 
Paragraph  96.  Dielectric  withe tanking  voltage  thall  be  measured  wlthl- 
10  alnutee  efter  removal  froa  the  humidity  ehaeber. 

6.  insulation  Petlstanr*  and  Dielectric  Mlthttand  Voltage 


Pedulramant  «n.-P-991106(?),  Faragrapht  J.7  and  3.10 

Method  of  T*»t:  KH-P-‘5UOB(2),  Paragraphs  1.7. 1.2. 3  and  U.9.1.  etcept 

as  follows: 

a.  100  VDC  polarising  voltage  shall  ba  applied  continuously  during  humidity 
exposure. 

b.  insulation  resistance  shall  t*  determined  prior  to  the  teat  (art lent’' 
and  during  tha  9th  and  10th  cycle  while  within  the  timidity  chamber. 

Saaple:  Specimen  1,  both  aide*  to  be  tested 
wuantity:  Cn*  specimen  per  panel 


Insulation  Pctlttanc*  and 
Dielectric  Withstanding  Voltage 


B-13 


Be<|ulreaeats:  MIL-P-551106(?),  Paragraph  3.1? 

Method  of  Test :  After  exposure  to  bualdlty  per  KI L -STL- ?0?,  Method  106 
test  per  WL-P-55U<»(?),  Paragraph  U .9.9. 

Senile:  Spec  lorn  10 

^tontlty:  Teat  hole  outers  1,  ?,  3  and  6  of  Speclaen  10. 


Bond  Strength 


Requirements :  Kn.-P-139**9E(  1) ,  Paragraph  3.8 


Surface  and  Voluae 
Resistivity 

Method  of  Teat:  KH-P-139i»9£(l),  Paragraph  I*. 7. 2. 7  after  bualdlty 

exposure  per  m-STt>-W56  Method  kCfcl  (aee  IPC  teat  Method  ?.5.17  for  reference), 

Prior  to  bimldlty  txposure  clean  the  apeclaena  aa  foil owe : 

a.  Bruih  vlth  bristle  brush  under  running  D.l.  water  at  (O-f'0°T . 

b.  Drain  off  water  (drip-dry'. 

c.  Brush  idille  rubeerged  In  Isopropyl  alcohol  removing  all  excess 
rosin. 

d.  Dip  in  fresh  Isopropyl  alcohol;  drain  and  dry  la  sab  lent  air  for  5  alnutes 


e.  Dry  In  oeen  at  2?5^  -  ?50*V  for  ?  hours. 

f.  B assort  frets  oven  and  condition  for  ?k  hours  at  T3°P  prior  to  hiasldlty 
conditioning. 

Staple:  Speclaen  lk 

Quantity:  One  speclaen  per  panel 


HUGHES  FULLERTON 
Hugh*  Aircraft  Company 
FuUarton,  California 


9.  Soldsrablllty 

Bequlrananta:  Tnt  tor  aoldarablllt y  mt  WliUrto*.  If  bllatarln* 
occur*  apeclfy  location;  for  a  reap  la,  at  tb*  substrate  or  between  solder 
and  tba  plat ad  flnlah. 

M«tbod  of  Teat :  Tart  par  ITC-S-803  all  t  a  at  la*  and  Jud*snsnt*  ahall  b* 
parforaad  by  ona  operator  and  a*  far  aa  practicable  la  the  abort* it 
poaalble  tine  apan.  Trior  to  fluids*  and  aoldarla*.  clean  tba  boat 
■pec loans  a*  follow*: 


b. 


e. 

d. 


Brush  with  a  nylon  brush,  <dille  *ubn*r*ad  In  laoprqpyl  alcohol, 


rsaovli*  all  residual  flax  re* In. 

Dip  In  fresh  Isopropyl  alcohol  drain  and  dry  In  Mfelent  air  for  3  nlautes 


(maximum). 

Dry  In  oven  at  ZZ'fr  -  230°»  for  two  hours. 

Baaov*  fron  oven  and  condition  for  hour*  prior  to  teatln*  at  73 °F . 


Soldarablllty  (Front  Side) 


Sanple  Sped  nan*  13,  13  and  1U 

Quantity:  On*  section  of  spaclaans  par  panel 


10. 


Water  Absorption  (Optional^ 


Be  ;ulren*n’. . :  Wl-P-139**9e(  D .  P*ra*raph  3.9 

Method  of  Teat:  WL-P-139»*»(l) .  Para*raph  U.7.2.8 
Sarpla:  Spaclaan  7 
Quantity:  Ona  tpaclban  par  panel 


1/  Teat  to  b*  perforaad  on  selactad  candidal*  aetarlala  only. 
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APPENDIX  B-4 

DESIGN  OF  AUTOMATED  PRODUCTION  LINE 
FOR 

SEMI-ADDITIVE  PROCESSES 
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PROCESS  FLOW  CHART  FOR  THE  FABRICATION  OF  PWB'S  USING 
ULTRATHIN  COPPER  CLAD  MATERIAL 


AD-A075  975 


UNCLASSIFIED 


HUGHES  AIRCRAFT  CO  FULLERTON  CALIF  F/G  9/1 

SEMI-ADDITIVE  PROCESSES  FOR  FABRICATION  OF  PRINTED  WIPING  BOARD— ETC(U) 
JUN  79  J  QUINTANA  DAAK01-76-C-1100 

FR  79-12-190  NL 
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HUGHES  FULLERTON 
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Process  Specif  I cetion  Hester  List 


For  Semi -Add i t ive  Fabrication 


Process :  Ref.  Page 


Drilling .  B-39,  B-40 

Electroless  Copper  Line .  B-41 


General  tank  construction  is  of  1/2"  white  stress 
relieved  polypropylene  with  triple,  hot  inert  gas 
welded  seams.  Exhaust  ventilation  slots  provided. 
Water  inlets  and  drain  outlets  provided  with  true 


union  ball  valves. 

Tank 

1  Conditioner . B-43 

2  Tap  water  rinse,  overflow .  B-44 

3  Hydrochloric  acid . B-43 

4  Catalyst .  B-43 

5  Tap  water  rinse,  overflow .  B-44 

6  D.l.  water  rinse,  spray .  B-45 

7  Accelerator .  B-43 

8  D.l.  water  rinse,  spray .  B-45 

9  D.l.  water  rinse,  spray .  B-45 

10  Electroless  copper  plate .  B-4ii 


Thermostatic  temperature  control,  solid 
state  low  liquid  level  heater  control, 
and  manifolded  air  agitation  equipped. 
Automatic  addition  controls  for  formal¬ 
dehyde  and  sodium  hydroxide.  Overflow 
weir  and  fall  box  for  continuous  pump 


filtration. 

11  Electroless  copper  plate . B-46 

See  Tank  10. 

12  Tap  water  rinse,  overflow .  B-44 

13  Sulfuric  acid .  B-43 


Process  Specification  Hester  List 


For  Semi -Additive  Fabrication 


(Continued) 


Process 


Ref.  Page 


Tank 


0.1.  water  rinse,  spray. 


Photoresist  Application .  B-49,  B-5o 

Exposure  of  Pattern .  B-51,  B-52 

Deve  1  op . . .  B-53  thru  B-56 

Touch*up . None 

Electrolytic  copper  line .  B-57 

See  electroless  line  for  general  tank  specifi¬ 
cations.  This  line  is  controlled  by  the  96*»0A 
multiprogramming  system  (see  p.  21),  which 
enables  various  programs  to  be  stored  which 
control  the  automatic  hoist  operation.  This 
automatic  system  regulates  the  sequences  in  which 
the  hoist  processes  boards  through  the  various 
solutions  and  rinses,  as  well  as  controlling  the 
time  in  each  tank.  The  current  In  the  plating 
tanks  is  also  controlled  by  this  programming.  A 
remote  station,  seen  on  p.  19.  enables  platers  on 
the  line  to  call  and  initiate  various  programs. 

A  diagram  of  the  hoist  is  given  on  p.  22,  and  it 
is  shown  in  operation  on  p.  23. 


HUGHES  FULLERTON 
Hugh at  Aircraft  Company 
Fullarton.  California 


Process :  Ref.  Page 

Electrolytic  copper  line  (continued) .  19 


Solution  control  is  maintained  by  the  Solution 
Monitor  and  Control  System  (p.  24),  which 
regulates  additions  to  the  process  baths.  A 
history  file  is  kept  on  the  various  tank 
parameters  monitored  and  the  additions  which 
are  automat  leal ly  made  to  these  tanks.  Out  of 
tolerance  conditions  are  indicated  by  a  rotating 
beacon  light  displayed  prominently,  and  a  siren. 
The  various  parameters  monitored  include  plating 
current ,  conductivity,  temperature,  liquid  level, 
liquid  flow,  air  flow,  cathode  agitation,  pump 
coolant  temperatures,  pH,  and  additive  levels. 


Tank 

16  Acid  cleaner .  25 

17  Tap  water  rinse,  overflow .  25 

18  0.1.  water  rinse,  spray .  26 

19  Sulfuric  acid .  25 

20  Tap  water  rinse,  overflow .  25 

21  D.I.  water  rinse,  spray .  26 

22  Copper  plate .  27 


Thermostatic  temperature  control,  solid 
state  low  liquid  level  heater  control, 
and  manifolded  air  agitation  equipped. 
Continuous  pump  filtration. 


23  Copper  plate .  27 

See  Tank  22. 

24  Copper  plate .  27 

See  Tank  22. 
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Process  Specification  Master  List 
For  Semi -Addi tlve  Fabrication 
(Continued) 

Process :  Ref.  Page 

Tank 

25  Tap  water  rinse,  overflow .  B-63 

26  D.l.  water  rinse,  spray .  B-64 

27  Sulfuric  acid .  B-63 

28  D.l.  water  rinse,  spray . B-64 

29  Ammonium  persulfate  etch .  B-63 

30  D.l.  water  rinse,  spray . B-61 

31  Fluoboric  acid .  B-63 

32  Tin  lead  plate . B-65 

33  Tap  water  rinse,  overflow . B-63 

3k  D.l.  water  rinse,  spray .  B-64 

35  Dryer .  B-66 

Resist  Strip .  B-67,  B-68 

Stripper  recovery  still .  B-69 

Touch* up .  None 

Copper  etch .  B-70,  B-71 

Touch-up .  None 

Solder  fusion .  B-72,  B-73 

Cleaner/Scrubber .  B-74,  B-75 

Router .  B-76,  B-77 


HUGH  IS  fUL  Lift  TON 
Hughet  Aircrslf  Company 
Fullerton  Celitornis 


EXCELLON  MARK  4  DRILL 


r.xccllon  Mark  4  !>nll 


EXCELLON  NARK  IV  DRILL 


MIGHT  AMP  SPACE  PAT* 

SHIPPING  WEIGHT  (APPROX )  .  9000  LIS» 

SEPARATE  WEIGHT  OF  CNC  CONSOLE  .  A50  LIS 

required  floor  space: 

LENGTH .  14.  J  FEET 

W'OTH  .  1|. 6  FEET 

maximum  floor  loao  .  Goo  psi  with  foot  iolt  pads 

(27  ATMOSPHERES) 

•ADD  I OOO  LIS  FOR  OVERSEAS 
CRATING. 


1»UT  POWER 


STANOARD  .  230  ♦  5X.  •  101  VAC.  JOA, 

<•7*63  Mi 

OFTiONS  .  206  ♦  S%.  -  10X  VAC.  30A. 

R7-63  Hi 

HO  ♦  SI.  •  10%  VAC.  ISA. 
*7-63  Mi 


lfrVT 


RRESSURE  .  95-150  PSIG 

flow  .  20  scfm 

MAXIMUM  TEMPERATURE  .  100*F  (38*0 


HEAT  EXCHANGER  DATA 

type  .  FLUIO-TO-AIR 

media  .  CORROSION*  I  mi  1 1  TED 

distilled  hater 

PRESSURE  AND  FL<*  .  IS  PSI  AT  37  TO  U  GALLONS 

PER  HOUR  (3 -SPINDLE 
CONFIGURATION) 

VACUUM  AT  PRESSURE  FOOT 

120  CFM.  16  INCH  WATER  LIFT, 
I.S  INCH  ORIFICE 


CHIP  REMOVAL  METHOO 
VACUUM  CRITERIA  ... 


HUGHES  FULLERTON 
Hughes  Aircraft  Company 
Fullerton.  California 


ELECTROLESS  COPPER  LINE 


iJcctrolcvk  C  « 


AUTOMATED  ELECTROLESS 
COPPER  LINE 


ELECTROLESS  LINE 
OVERFLOW  RINSE 


TANK  20x24x30 


AGITATOR  SLOT  MOVES 
IN  SHOWN  DIRECTIONS 
TYPICAL  FOR  ALL  SLOTS 


TANK  42s24*30 


HUGHES EULLERTON 
Hughet  Aircrth  Compsny 
function  Cslitornu 

ELECTROLESS  LINE 
DRYER 


TANK  20x24x30 


HOT  ROLL  LAfUMATOR  URL  -  24 


DIMENSIONS  . 

WEIGHT  (APPROX)  . 

SHIPPING  WEIGHT  (APPROX)  ... 

HEATER  CAPACITY  (2)  . 

LAMINATING  TEMPERATURE  . 

MAXIMUM  PANEL  WIDTH  . 

MAXIMUM  PANEL  THICKNESS  .... 

SPEED  RANGE  . 

WORKING  RANGE  . 

ELECTRICAL  SERVICES  REQUIRED 

exhaust  . 


32 . 5"W  x  23.5"L  x  27.25"H 
175  lbs 
225  lbs 

IOOO  WATTS  each 
2  I 0-220°F 
26  INCHES 
0.250  INCHES 
0-13  fpm 
5-8  fpm 

2  *«0/2  00  V 
SINGLE  PHASE 
60/50  Hz,  20  A 

3  INCH  OIAMETER 

Duct  connection 


MACHINE  ASSEMBLY 

OVERALL  HEIGHT  (HOOD  DOWN)  . 
OVERALL  HEIGHT  (HOOD  UP)  ... 

OVERALL  OEPTH  . 

OVERALL  WIDTH  . 

HEIGHT  TO  TOP  OF  WORKTABLE  . 

CONTROL  CONSOLE 

HEIGHT  . 

DEPTH  . 

WIDTH  . 

HEIGHT  TO  UPPERMOST  CONTROLS 


63- 

3/8  INCHES 

GO 

INCHES 

APPROXIMATE 

76 

INCHES 

92 

1 NCHES 

DIMENSIONS 

37 

1 NCHES 

71  INCHES 
33  INCHES 
22  INCHES 
63  INCHES 


HUGHiS  fULLtRTON 
Hughet  Aircraft  Company 
Fullerton  California 


PHOTORESIST  EXPOSURE 


Photo  Rc'i't  E*po»urc 


C0LI6HT  EXPOSURE  MACHINE 


93 


SPECIFICATIONS 

EXPOSURE  AREA  .  30"  X  40"  DOUBLE  SIDED 

ELEC.  REQUIREMENTS  .  230  VOLTS,  60  Hz,  60  AMP,  1  PiASE 

LAMPS  .  (?)  4800  MATT,  AIR  COOLED,  MERCURY  VAPOR 

LAMP  LIFE  .  1500  HOURS 

VACUUM  PUMP  .  ROTARY  5.8  CFM  1/3  H.P. 

EXHAUST  BLOWER  .  1  H.P.,  1500  CFM  (FREE  AIR/ 

CABINET  SIZE  .  LENGTH  90",  DEPT«  46",  HEIGHT  43" 

SHIPPING  HEIGHT  .  1700  LBS 
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RISTON  C  -  PROCESSOR 


SPECIFICATION 

DIMENSIONS: 
WEIGHT : 

ELECTRICAL: 

COMPRESSED  AIR: 

REFRIGERATION: 

WATER: 

RINSE 

CHILLER 

WASTE  WATER: 
EXHAUST  AIR: 

FRESH  SOLVENT: 

PANEL  SIZE: 
WIDTH 
THICKNESS 
MINIMUM 

CONVEYOR  SPEED: 

RECOMMENDED 
WORK  SPACE: 


105“  L  X  45“  W  X  48"  H 

EMPTY  -  3000  LBS 
FULL  -  3400  LBS 

460  V.  3  4.  60  Hz,  B . 6  AMPS/LINE 
230  V.  3  4,  60  Hz,  17.2  AMPS/LINE 

80  PSIG  AT  30  SCFM 

12000  BTU  RATED  CHILLER 


12.6  GPM  AT  20  PSIG 
1  -  3  6PM 

TAP  WATER  USED  FOR  COOLING  IF  TEMPERATURE  RANGE  IS 
10“  -  29“C  ( 50®  -  85°F ) 

13  GPM  GRAVITY  FLOW,  2“  LINE 

100  -  200  SCFM  (PLANT)  AIR  FOR  THE  PROCESSOR  AND  AT 
LEAST  200  SCFM  FOR  THE  WORK  AREA 

0  -  0.24  GPM  THROUGH  REGULATING  ROTAMETER 


24“  MAX 
0.25"  MAX 
4“  X  6" 

26  FPM  -  (ADJUSTABLE) 
3'  ON  ALL  SIDES 
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HUGHIS  FUlllRTO\ 
Hughey  Am  rjlt  ComfHny 
Fullerton  Cslrtornu 


COMPUTER  AIDED  PLATING  SYSTEM  (  CAPS  IV  ) 
AUTOMATED  ELECTROLYTIC  PLATING  LINE 


Computer  Aided  Plating  System  (CAPS  IV)  Automated  electrolytic  Plating  l.me 


AUTOMATED  ELECTROLYTIC 
COPPER  LINE 


Q/  99066 


AUTOMATIC  LINE  HOIST 


VERTICAL  LIFT 
MOTOR  AND 
RESOLVER 


MOTOR  AND  RESOLVER 
FOR  HORIZONTAL 
MOVEMENT 


BRAKE 


ROUNDWAY 
BEARING 
AND  WAY 


RACK  AND  PINION 


LIFTING  ARM 


CONVEYORIZED  STRIPPER  C$  -  24 


SPECIFICATION: 


DIMENSIONS  . 48"  l  x  76"  D  x  72"  H 

WEIGHT .  1500  lbs.  EMPTY 

1700  lbs.  CRATED 
3300  lbs.  FULL 

SOLVENT  CAPACITY .  140  GALLONS 

DISTILLATE  OUTPUT .  120  GPH 

COOLING  WATER .  1200  GPH  at  60*F-20°F  RISE 

2400  GPH  at  70°F-10CF  RISE 

PIPING— INLET  —  1"  NPT 
OUTLET—  li"  NPT 

ELECTRICAL  OPTIONS .  230/460V.  3 PHASE  ,  60Hz 

HEAT  REQUIRED .  Plant  Steam  -  220  lbs. /hr.  at 

6  PS  I  2. 5/1. 3  Amps/ 
Line  (1KVA) 

Piping  -  Inlet  -  2" 


NPT  NPT 

Electric  Heat 

Converter  Steam  -  150/75  Amps/Line 

(60  KVA) 


r 


bt  «9066 


DEA  ETCHER 


HUGHES  FULL  EH  TON 

Hugh**  Aircreh  Company 
Fullerton  Cshlotnn 


SPECIFICATIONS: 


OVERALL  DIMENSION  . 

CONVEYOR  WIDTH . 

ETCH  CHAMBER  LENGTH  . 

SUMP  CAPACITY  . 

SUMP  DRAIN  . 

LOW  LIOUID  LEVEL  INDICATOR  .  . 
TEMPERATURE  CONTROL  . 


IMMERSION  HEATERS  . 

PUMPS  . 

SPRAY  REGULATION  . 

PRESSURE  GAGES . 

EXHAUST  VENT . 

SAFETY  INTERLOCK . 

CONVEYOR  CONTROL . 

BAUME  READING  . 

POWER  REOUIREMENT  . 

MAXIMUM  BOARD  SIZE . 

HOT  WATER  CONSUMPTION  . 


125  3/4"L0N6 »  62  1/4"WIDE.  49  1/2"HIGH 
36"  NOMINAL*  36"  EFFECTIVE 
48"  EFFECTIVE 
65  -  135  GALLONS 

1  1/2"  PVC  BALL  VALVE 
FLOAT  ACTUATED  SWITCH 

DIRECT  READOUT  W/BUILT-IN  THERMOSTAT  ♦ 

2  F  W/AUTOMATIC  OVERTEMP  PROTECTION 
AT  140  F 

THREE*  4KW  8UART2  TUBE  UNITS 

TWO.  SUBMERSIBLE*  CENTRIFUGAL  TYPE  1  H.P 

INDIVIDUAL  EXTERNAL  CONTROLS 

OPTIONAL 

VENT  PORT  BEFORE  AND  AFTER  ETCH  CHAMBER 
MAGNETIC 

DC  SOLID  STATE  0-9  FT/MINUTE 
OPTIONAL 

208V*  240V*  480V*  60H2*  3  PHASE  10KW 

24"  WIDE  -  ANY  LENGTH 

81/2  GALLONS  PER  MINUTE  AT  20  PS I 


RTC  F  -  1500  SOLDER  FUSION  SYSTEM 


HUGHES FULLERTON 
Hughei  Aircraft  Company 
fuller  ton  Calitornis 


AAU-COATU 
T«  HUI 

N  IMIOi 


IlfU-KI  HIATUS 

MI-HIAT  TO!  fllSIM  TH(  CNl-MH 

CHAMU  TIA/llAO  COAT IM  CHANAU 


CAOLIM  f AAS  TA 
CAOl  AAAAAS. 

AIAAI  AAA  HAUL  IM 


SPECIFICATION: 


HEIGHT  . 

.  57" 

DEPTH . 

.  32  1/2" 

WIDTH . 

,  108" 

POWER  REQUIREMENTS  . 

.  25.2KW 

MAXIMUM  BOARD  WIDTH. 

.  15" 

POWER  SUPPLY  .... 

.  208/240/480  VAC 
3  PHASE 

CONVEYOR  WIDTH  .  .  . 

.  20" 

CONVEYOR  SPEED  .  .  . 

.  0-20  FPM 

HEATED  WIDTH  HIGH  INTENSITY  .  .  16" 
HEATED  WIDTH  PREHEAT  .  18  1/2" 
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HUGHES  FULLERTON 
Hughei  4ircr»ti  Compeny 

RTC  G  430  -  B  CLEANER/SCRUBBER  SYSTEM  Fullerton.  Cshtornu 


SQUItHI  lOlltAi 
AID  All  U!H 
IIMII  (ICtlS 
WAT ( I  TAM 

NIAVT -DUTY ,  HI AM  lOAIOS 


SPECIFICATIONS 


DIMENSIONS.  OVERALL 
LENGTH 
HEIGHT 
WIDTH 

MAXIMUM  BOARD  WIDTH 
TRANSPORT  SPEED 
SUMP  DRAIN 
DRYER  SECTION 


96  INCHES 
53  INCHES 
46  INCHES 

24  INCHES 

2  TO  20  PPM  (VARIABLE) 

2  INCH  CPVC  VALVE 

24  INCHES  X  24  INCHES 
RADIANT  HEATERS  ABOVE 
AND  BELOW  CONVEYOR 


WATER  SUPPLY 

POWER  SUPPLY 
WEIGHT 


FITTINGS  6  I 
3/4 

206 

900 


2  GPM  AT  20 
INCH  NPT 

V.  60  Ml »  9 

POUNDS 


PSI 

KW.  30  AMP  30 
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EXCELLON  XL  -  J  D/R 


HUGHES  FULLERTON 
Hughe*  Aircraft  Company 
Fullerton  California 


SMI  rune  WEIGHT  (APPROX)  . 

SEPARATE  WEIGHT  OR  CMC  COMSOlE 
REQUIRED  FLOOR  SPACE: 

LENGTH  . 

WIDTH  . 


ha n huh  floor  load 


!*ut  pcner 
stanoaro  . . 

OPTIONS  _ 


INPUT  t l R 

PRESSURE  . 

FlOw  . 

HA 1 1  HUH  TEMPERATURE 

HUH i 0  I  TV  . 


PRESSURE  AND  Flow 


6000  LIS* 

6S0  LIS 

166  INCHES 
180  INCHES 

600  PS  I  WITH  FOOT  I0LT  PADS 

(2  7  atmospheres; 

•ADD  1000  LIS  FOR  OVERSEAS 
CRATING. 


230  ♦  SX.  -  101  VOLTS  AC 
SINGLE  PHASE, 
JOA.  67*63  Mi 

208  ♦  $1.  -  I  OX  VOLTS  AC. 

SINGLE  PHASE. 
30a.  67-63  Hi 

660  ♦  SX.  -  101  VOLTS  AC. 

SINGLE  PHASE. 
tSA.  67-63  Mi 


95  •  150  PSiG 
20  SCFH 
i oc*r  (38*0 

*  1 2  *F  (-26*0)  HAIIHLP*  DEw 
POINT  AT  I  ATM 


FLUID-TO-AIR 

CORROS I  ON- 1  IKl 1 1 TED  DISTILLED 

WATER 

15  PSI  AT  28  TO  35  GALLONS  PER 
HOUR  (3-SPiNDLE  CONFIGURATION) 


VACUUM 

CHIP  REMOVAL  HITHOO  .  VACUUM  AT  PRESSURE  FOOT 

V*CUU* .  120  CFH.  16  INCH  WATER  LIFT, 

1.5  INCH  ORIFICE 
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Plat  in*  Adhesion 


Plating  Characteristic* 


Conductor  Ihickness,  In. 


PTH  Wall  thickness,  In. 


Ratio  I  hickncssiCond:  P  TH  W  all* 
PTH  C  ron  -  Section  Quality 


A*  Received  (Initial) 


After  Thermal  Stre»s 


After  Ihermal  Cycling 
At  12  5°C 


(None )•  10. 002 1 


MIL-  STD-27S  10.0019 


0.0022 


0.0019 


0.  0026 


0.  0023 


1.  1  3 


Pa  ** 


0. 0021 


0. 0021 


1 . 00 


Pas* 


(Thermal  Shock  I 


Maximum  I 


Po*t  Thermal  'chock  Appearance 


BS3CEC 


l>nor  to  Humidity  Exposure 
After  Humidity  T  xposure 


MIL  -  P- SSI  10  140. Sxl0*c  I  22. 0x10 


MIL-  P-  55640  Il3.0xl010  25.  5xl09  37.0xl09 


MIL-  P-  55640  |87.0xl0q  121.5x10**  13.7xI09 


Volume  Reaiativity  |Me(A  -  CMI 


Surface  Resiativity  (Megs'Ll 


ond  Strength 


2000  PSI  Tensile  Stress  leat 


Appearance  After  Test 


Viaual  Quality 


12.  Water  Absorption.  ", 


MIL- P-  1  3949 


MIL  -  P- I  3949 


MIL-  P-S5|  10 


MIL-  P- 95 1 10 


IPC-S-80  I 


MIL-P- 1  3«>49 


♦  Originally  failed  without  FC  TMC  cleaning;  results  are  with  FC  TMC  cleaning 
•No  Military  Requirement 

••Requirement  Only  If  Specified  In  Contract  or  P.  O. 


